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Figure 1B. UK family 2 pedigree.

UK pedigree 2:
c.381_382insATC; p.Phe127_Thr128inslle
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Figure 1C. UK family 3 pedigree: c.381_382insATC; p.Phe127_Thr128inslle
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Fig 2. Atrophy of the postural back muscles as clinically assessed in a paticnt in the carly stages ot disease. Atrophy of
the deftoideus muscle. Gluteus maximus. biceps brachii. triceps brachii. and lower arms appear normal. Biceps femoris

(hamstring muscles). adductor magnus (thighs). abductor pollicis brevis and adductor pollicis longus (hand) show signs of’

atrophy.
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Fig. 6. Ideogrammatic representation of the XMPMA locus on the distal arm of chromosome X, the
electropherograms indicating the wild-type and mutation sequence for the Austrian XMPMA family,
and the secondary structure of FHL1, indicating the position of the resulting amino acid substitution,

C224W, relative to structural features in the protein.
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FIGURE 7

Human FHL1 isoform a and isoform b shared sequence
MAEKFDCHYCRDPLQGKKYVQKDGHHCCLKCFDKFCANTCVECRKPIGADSKEVHYKNRFWH
DTCFRCAKCLHPLANETFVAKDNKILCNKCTTREDSPKCKGCFKAIVAGDQNVEYKGTVWHKD
CFTCSNCKQVIGTGSFFPKGEDFYCVTCHETKFAKHCVKCNKAITSGGITYQDQPWHADCFVCV

TCSKKLAGQRFTAVEDQYYCVDCYKNFVAKKCAGXKNPITG (SEQ ID NO:1)

C224W mutation in human FHL1 isoform a (W is underlined)

MAEKFDCHYCRDPLQGKKYVQKDGHHCCLKCFDKFCANTCVECRKPIGADSKEVHYKNRFWH
DTCFRCAKCLHPLANETFVAKDNKILCNKCTTREDSPKCKGCFKAIVAGDQNVEYKGTVWHKD
CFTCSNCKQVIGTGSFFPKGEDFYCVTCHETKFAKIICVKCNKAITSGGITYQDQPWHADCEFVCV
TCSKKL/\GQRFTAVEDQYYCVDCYKNFVAKKCAG.KNPlTGFGKGSSVVAYEGQSWHDYCFH

CKKCSVNLANKRFVFHQEQVYCPDCAKKL (SEQ ID NO:2)

C224W mutation in human FHL1 isoform b (W is underlined)

MAEKFDCHYCRDPLQGKKYVQKDGHHCCLKCFDKFCANTCVECRKPIGADSKEVHYKNRFWH
DTCFRCAKCLHPLANETFVAKDNKILCNKCTTREDSPKCKGCFKAIVAGDQNVEYKGTVWHKD
CFTCSNCKQVIGTGSFFPKGEDFYCVTCHETKFAKHCVKCNKAITSGGITYQDQPWHADCFVCV
TCSKKLAGQRFTAVEDQYYCVDCYKNFVAKKCAG.KNPITGKRTVSRVSRPVSKARKPPVCHG
KRLPLTLFPSANLRGRHPGGERTCPSWVVVLYRKNRSLAAPRGPGLVKAPVWWPMKDNPGTTT

ASTAKNAP (SEQ ID NO:3)

species/isoform conserved sequence

VAKKCX;GX.X3NPIT (SEQ ID NO:4)

Representative mRNA encoding mutant human FHL1 isoform a; mutation of X (underlined) to
nucleotide that results in C224W mutation associated with X-linked muscular myopathy
CGGAGGGGGCTCAGTCCGCAGCCGCCGCCGCCACCGCCGCGCCTCGGCCTCGGTGCAGGCA
GCGGCCGCCGCCGCCGAGACAGCTGCGCGGGCUGAGCATCCCCACGCAGCACCTTGGAAGTT

GTTTTCAACCATATCCAGCCTTTGCCGAATACATCCTATCTGCCACACATCCAGCGTGAGGTC
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FIGURE 7 (continued)
CCTCCAGCTACAAGGTGGGCACCATGGCGGAGAAGTTTGACTGCCACTACTGCAGGGATCCC

TTGCAGGGGAAGAAGTATGTGCAAAAGGATGGCCACCACTGCTGCCTGAAATGCTTTGACAA
GTTCTGTGCCAACACCTGTGTGGAATGCCGCAAGCCCATCGGTGCGGACTCCAAGGAGGTGC
ACTATAAGAACCGCTTCTGGCATGACACCTGCTTCCGCTGTGCCAAGTGCCTTCACCCCTTGG
CCAATGAGACCTTTGTGGCCAAGGACAACAAGATCCTGTGCAACAAGTGCACCACTCGGGAG
GACTCCCCCAAGTGCAAGGGGTGCTTCAAGGCCATTGTGGCAGGAGATCAAAACGTGGAGT
ACAAGGGGACCGTCTGGCACAAAGACTGCTTCACCTGTAGTAACTGCAAGCAAGTCATCGGG
ACTGGAAGCTTCTTCCCTAAAGGGGAGGACTTCTACTGCGTGACTTGCCATGAGACCAAGTT
TGCCAAGCATTGCGTGAAGTGCAACAAGGCCATCACATCTGGAGGAATCACTTACCAGGATC
AGCCCTGGCATGCCGATTGCTTTGTGTGTGTTACCTGCTCTAAGAAGCTGGCTGGGCAGCGT
TTCACCGCTGTGGAGGACCAGTATTACTGCGTGGATTGCTACAAGAACTTTGTGGCCAAGAA
GTGTGCTGGATG'AAGAACCCCATCACTGGGTTTGGTAAAGGCTCCAGTGTGGTGGCCTATG
AAGGACAATCCTGGCACGACTACTGCTTCCACTGCAAAAAATGCTCCGTGAATCTGGCCAAC
AAGCGCTTTGTTTTCCACCAGGAGCAAGTGTATTGTCCCGACTGTGCCAAAAAGCTGTAAAC
TGACAGGGGCTCCTGTCCTGTAAAATGGCATTTGAATCTCGTTCTTTGTGTCCTTACTTTCTG
CCCTATACCATCAATAGGGGAAGAGTGGTCCTTCCCTTCTTTAAAGTTCTCCTTCCGTCTTTT
CTCCCATTTTACAGTATTACTCAAATAAGGGCACACAGTGATCATATTAGCATTTAGCAAAA
AGCAACCCTGCAGCAAAGTGAATTTCTGTCCGGCTGCAATTTAAAAATGAAAACTTAGGTAG
ATTGACTCTTCTGCATGTTTCTCATAGAGCAGAAAAGTGCTAATCATTTAGCCACTTAGTGAT
GTAAGCAAGAAGCATAGGAGATAAAACCCCCACTGAGATGCCTCTCATGCCTCAGCTGGGAC
CCACCGTGTAGACACACGACATGCAAGAGTTGCAGCGGCTGCTCCAACTCACTGCTCACCCT
CTTCTGTGAGCAGGAAAAGAACCCTACTGACATGCATGGTTTAACTTCCTCATCAGAACTCT
GCCCTTCCTTCTGTTCTTTTGTGCTTTCAAATAACTAACACGAACTTCCAGAAAATTAACATT
TGAACTTAGCTGTAATTCTAAACTGACCTTTCCCCGTACTAACGTTTGGTTTCCCCGTGTGGC
ATGTTTTCTGAGCGTTCCTACTTTAAAGCATGGAACATGCAGGTGATTTGGGAAGTGTAGAA
AGACCTGAGAAAACGAGCCTGTTTCAGAGGAACATCGTCACAACGAATACTTCTGGAAGCTT
AACAAAACTAACCCTGCTGTCCTTTTTATTGTITTTAATTAATATTTTTGTTTTAATTGATAGC
AAAATAGTTTATGGGTTTGGAAACTTGCATGAAAATATTTTAGCCCCCTCAGATGTTCCTGC
AGTGCTGAAATTCATCCTACGGAAGTAACCGCAAAACTCTAGAGGGGGAGTTGAGCAGGCG

CCAGGGCTGTCATCAACATGGATATGACATTTCACAACAGTGACTAGTTGAATCCCTTGTAA
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FIGURE 7 (continued)
CGTAGTAGTTGTC TGCTCTTTGTCCATGTGTTAATGAGGACTGCAAAGTCCCTTCTGTTGTGA

TTCCTAGGACTTTTCCTCAAGAGGAAATCTGGATTTCCACCTACCGCTTACCTGAAATGCAGG
ATCACCTACTTACTGTATTCTACATTATTATATGACATAGTATAATGAGACAATATCAAAAGT
AAACATGTAATGACAATACATACTAACATTCTTGTAGGAGTGGTTAGAGAAGCTGATGCCTC
ATTTCTACATTCTGTCATTAGCTATTATCATCTAACGTTTCAGTGTATCCTTACAGAAATAAA

GCAGCATATGAAAAAAAAAAAAAAAAAAAAAAA (SEQ IDNO: 35);

Representative mRNA encoding mutant human FHL1 isoform b; mutation of X (underlined) to
nucleotide that results in C224W mutation associated with X-linked muscular myopathy
TCCTATCTGCCACACATCCAGCGTGAGGTCCCTCCAGCTACAAGGTGGGCACCATGGCGGAG
AAGTTTGACTGCCACTACTGCAGGGATCCCTTGCAGGGGAAGAAGTATGTGCAAAAGGATG
GCCACCACTGCTGCCTGAAATGCTTTGACAAGTTCTGTGCCAACACCTGTGTGGAATGCCGC
AAGCCCATCGGTGCGGACTCCAAGGAGGTGCACTATAAGAACCGCTTCTGGCATGACACCTG
CTTCCGCTGTGCCAAGTGCCTTCACCCCTTGGCCAATGAGACCTTTGTGGCCAAGGACAACA
AGATCCTGTGCAACAAGTGCACCACTCGGGAGGACTCCCCCAAGTGCAAGGGGTGCTTCAAG
GCCATTGTGGCAGGAGATCAAAACGTGGAGTACAAGGGGACCGTCTGGCACAAAGACTGCT
TCACCTGTAGTAACTGCAAGCAAGTCATCGGGACTGGAAGCTTCTTCCCTAAAGGGGAGGAC
TTCTACTGCGTGACTTGCCATGAGACCAAGTTTGCCAAGCATTGCGTGAAGTGCAACAAGGC
CATCACATCTGGAGGAATCACTTACCAGGATCAGCCCTGGCATGCCGATTGCTTTGTGTGTG
TTACCTGCTCTAAGAAGCTGGCTGGGCAGCGTTTCACCGCTGTGGAGGACCAGTATTACTGC
GTGGATTGCTACAAGAACTTTGTGGCCAAGAAGTGTGCTGGATGIJAAGAACCCCATCACTGG
GAAAAGGACTGTGTCAAGAGTGAGCCGCCCAGTCTCTAAAGCTAGGAAGCCCCCAGTGTGC
CACGGGAAACGCTTGCCTCTCACCCTGTTTCCCAGCGCCAACCTCCGGGGCAGGCATCCGGG
TGGAGAGAGGACTTGTCCCTCGTGGGTGGTGGTICTTTATAGAAAAAATCGAAGCTTAGCAG
CTCCTCGTGGCCCGGGTTTGGTAAAGGCTCCAGTGTGGTGGCCTATGAAGGACAATCCTGGC
ACGACTACTGCTTCCACTGCAAAAAATGCTCCGTGAATCTGGCCAACAAGCGCTTTGTTTTCC

ACCAGGAGCAAGTGTATTGTCCCGACTGTGCCAAAAAGCTGTAA (SEQ ID NO:6)
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FIGURE 7 (continued)
Human FHL1 isoform a

NM_001449

>g1134147646|ref |NM_001449.3| Homo sapiens four and a half LIM domains
1 (FHL1), mRNA

CGGAGGGGGCTCAGTCCGCAGCCGCCGCCGCCACCGCCGCGCCTCGGCCTCGGTCCACGCAGCGGLCGLE
GCCGCCGAGACAGCTGCGCGGGCGAGCATCCCCACGCAGCACCTTGGAAGTTGTTTTCAACCATATCCAG
CCTTTGCCGAATACATCCTATCTGCCACACATCCAGCGTGAGGTCCCTCCAGCTACAACGTGGGCACCAT
GGCGGAGAAGTTTGACTGCCACTACTGCAGGGATCCCTTGCAGGGGAAGAAGTATGTGCRAARAAGGALGEC
CACCACTGCTGCCTGAAATGCTTTGACAAGTTCTGTGCCAACACCTGTGTGGAATGCCGCAAGCCCATCG
GTGCGGACTCCAAGGAGGTGCACTATAAGAACCGCTTCTGGCATGACACCTGCTTCCGC TG IGCCAAGTG
CCTTCACCCCTTGGCCAATGAGACCTTTGTGGCCAAGGACAACAAGATCCTGTGCAACARGTGCACCACT
CGGGAGGACTCCCCCAAGTGCAAGGGETGCTTCAAGGCCATTGTGGCAGGAGATCAARACG IGGAGIACA
AGGGGACCGTCTIGGCACAAAGACTGCTTCACCTGTAGTAACTGCAAGCAAGTCATCGGCGACTGGAAGCTT
CTTCCCTAAAGGGGAGGACTTCTACTGCGTGRACTIGCCATGAGACCAAGTTTGCCAAGCATTGCGTGAAG
TGCRAACAAGGCCATCACATCTGGAGGAATCACTTACCAGGATCAGCCCTGGCATGCCGATTGCTTTGTGT
GTGTTACCTGCTCTAAGAAGCTGGCTGGGCAGCGTTTCACCSCTSTGGAGSACCAGTATTACTGCGLGGA
TTGCTACAAGAACTTTGTGGCCAAGAAGTGTGCTGGATG.AAGAACCCCATCACTGGGTTTGGTAAAGGC
TCCAGTGTGGTGGCCTATGAAGGACAATCCTGGCACGACTACTGCTTCCACTGCARABRNATGCICCGIGA
ATCTGGCCAACAAGCGCTTTGTTTTCCACCAGGAGCAAGTGTATTGTCCCGACTGTGCCARAAAGCTGTA
AACTGACAGGGGCTCCTGTCCTGTAARATGGCATTTGAATCTCGTTCTTTGTGTCCTTACTTTCIGCCCY
ATACCATCAATAGGGGAAGAGTGGTCCTTCCCTTCTTTAAAGTTCTCCTTCCGTCTTTTCTCCCATTTTA
CAGTATTACTCAARATAAGGGCACACAGTGATCATATTAGCAT TTAGCAAAAAGCAACCCTGCAGCARAGT
GAATTTCTGTCCGGCTGCAATTTAARAATGAAAACTTAGGTAGATTGACTCTTCTGCATGTTTCTCATAG
AGCAGAAAAGTGCTAATCATTTAGCCACTTAGTGATGTRAGCARGARGCATAGGAGATAAAACCCCCACT
GAGATGCCTCTCATGCCTCAGCTGGGACCCACCGTGTAGACACACGACATGCAAGAGTTGCAGCGCCTGC
TCCAACTCACTGCTCACCCTCTTCTGTGAGCAGGARAAGARCCCTACTGACATGCATGGTTTARCTTCCT
CATCAGAACTCTGCCCTTCCTTCTGTTCTITTGTGCTTTCAAATAACTAACACGARACTTCCAGRAAATTA
ACATTTGAACTTAGCTGTAATTCTAAACTGACCTTTCCCCGTACTAACGTITGGTTTCCCCGTGTGGCAT
GTTITCTGAGCGTTCCTACTTTAARAGCATGGARCATGCAGCGTGATTTGGGAAGTGTAGARAGACCTGRAGE

ARACGAGCCTGTTTCAGAGGARCATCGTCACAACGAATACTTCTGGARGCT TAACAAAACTAACCCTGCT
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FIGURE 7 (continued)
GTCCTTTITATTGTTTITAAT TAATAT TT TTGTTTTAAT TGATAGCAAAATAGT TTATGGGTTTGGAAAC

TTGCATGARAATATTTTAGCCCCCTCAGATGTTCCTGCAGTGCIGAAATTCATCCTACGGARGTAACCGE
ARAACTCTAGAGGGGGAGTTCGAGCAGGCGCCAGGGCTGTCATCAACATGGATATGACATTTCACAACAGT
GACTAGTTGRATCCCTTGTARACGTAGTAGTTGTCTCCTCTTIGTCCATGTGTTAATGAGGACTGCARAGT
CCCTTICTGTTGTGATTCCTAGGACTTTTCCTCAAGAGGAAATCTGGATTTCCACCTACCGCTTACCTGAA
ATGCAGGATCACCTACTTACTGTATTCTACATTATTATATGACATAGTATAAIGCAGACAATATCAARAGT
AAACATGTAATGACAATACATACTAACATTCTTGTAGEGAGTGGTTAGAGAAGCTGATGCCTCATTTCTAC
ATTCIGTCATTAGCTATTATCATCTAACGTTTCAGTGTATCCTTACAGAAATAAAGCAGCATATGALAARA

AAAADBDADNBAADDAARID

NP_001440 (LIM Domains highlighted in Red;

>giL21361122kref|NP700144C.2| four and a nalt LIM domains 1 [Homo
sapiens]

MAEKFDCHYCRDPLOGKKYVOKDGHHCCIKCFDOKFCANT R

Human FHLI1 isoform b
AF098518

>gi13851649)gb|AF098518.1|AF098518 Homo sapiens four and a half LIM
domains 1 protein isoform B (FHL1) mRNA, complete cds

TCCTATCTGCCACACATCCAGCGTGAGGTCCCTCCAGCTACAAGGTGGGCACCATGGCGGAGRAGTTTGA
CTGCCACTACTGCAGGGCATCCCTTGCAGGGGAAGAAGTATGTGCARRAAGGATGGCCACCACTGCTGCCTG
AAATGCTTTGACAAGTTCTGTGCCAACACCTIGIGIGGARTGCCGCANCCCCATCCCTCCGCACTCCAAGS
AGCTGCACTATAAGAACCGCTICTGGCATGACACCTGCTTCCGCTGTGCCAAGTGCCTTCACCCCTTGGE
CAATGAGACCTTTGTGGCCAAGGACAACAAGATCCTGTGCAACAAGTGCACCACTCGGGAGGACTCCCCC
ANGTGCAACCCCTGCTTCAAGGCCATTGTGGCAGGAGATCARAACGTGGAGTACAAGGGGACCGTCTGGC
ACAAAGACTGCTTCACCTGTAGTAACTGCAAGCAAGTCATCGGGACTGGAAGCTTCTTCCCTARAGGGGA
GGACTTCTACTGCGTGACTTGCCATGAGACCAAGT TTGCCAAGCATTGCCTGAAGTGCAACARGGCCATC
ACATCTGGAGGAATCACTTACCAGGATCAGCCCTGGCATGCCGATTGCTTTGTGTGTGTTACCTGCTCTA
AGAAGCTGGCTGGGCNAGCCTTTCACCGCTGTGGAGGACCAGTATTIACTGCGTGGATTGCTACAAGAACTT
TGTGGCCAAGAAGTGTGCTGGATGEAAGAACCCCATCACTGGGAAAAGGACTGTGTCAAGAGTGAGCCGC

CCAGTCTCTAAAGCTAGGAAGCCCCCAGTGTGCCACGGGARACGCTTGCCTCTCACCCTGTTTCCCAGCG
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FIGURE 7 (continued)
CCAACCTCCGGGGCAGGCATCCGEGTEGGAGAGAGGACTTCTCCCTCGTGGETGETGGTTCTTTATAGARA

AAATCGAAGCTTAGCAGCTCCTCGTGGCCCGGGTTTGGTAAAGGCTCCAGTGTCCTGGCCTATGAAGGAC
AATCCTGGCACGACTACTGCTTCCACTGCAAARAATGCTCCCTCAATCTGGCCAACAAGCGCTTTGTTTT

CCACCAGGAGCAAGTGTATTGTCCCGAUTGTGCCAANAAGCTGTAA

AAC72390

>g1 3851650 |gb|AAC72390.1| four and a half LIM domains 1 protein
isoform B [Homo sapiens]

MAEKFDCHYCRDPLQGKKYVQKDGHHCCLKCFDKFCANTCVECRKPIGADSKEVHYKNRFWHDTCFRCAK
CLHPLANETFVAKDNKILCNKCTTREDS PKCKGCFKATIVAGDONVEYKGTVWHKDC F'ICSNCKQOVIGTGS
FEPKGEDFYCVICHETKFAKHCVKCNKAITSGGITYODQPWHADCFVCVTCSKKLAGOREFTAVEDQYYCV
DCYKNEVAKKCAGCKNPITGKRTVSRVSRPVSKARKPPVCHGKRLPT. TLFPSANLRGRHPGGERTCPSWV

VVLYRKNRSLAAPRGPGLVKAPVWWPMKDNPCTTTASTAKNAD

Human FHL1 isoform ¢

AF220153

>gi|6942192|gb|AF220153.1|AF220153 Homo sapiens four and a half LIM
domains 1 protein isoform C (FHL1) mRNA, complete cds, alternatively
spliced

ATGGCGGAGAAGTTTGACTGCCACTACTGCAGGGATCCCTTGCAGGGGAAGRAGTATGTGCAARAGGATG
GCCACCACTGCLIGCCTGARATGCTTTGACAAGTTCTGTGCCARCACCTGTGTGGAATGCCGCAAGCCCAT
CGGTGCGGACTCCAAGGAGGTGCACTATAAGAACCGCTTCTGGCATGACACCTGCTTCCGCTCTGCCARAS
TGCCTTCACCCCTTGGCCAATGAGACCTTTGTGGCCAAGGACAACAACATCCTGTGCAACAAGTGCACCA
CTCGGGAGGACTCCCCCAAGTGCAAGGGGTGCTTCAAGGCCATTGTGGCAGGAGATCAARACGTGGAGTA
CRAGGGGACCGTCIGGCACAAAGACTGCTTCACCTGTAGTAACTGCAAGCAAGTCATCGGGACTGGAAGT
TTCTTCCCTARAAGGCGAGGACTTCTACTGCGTGACTTGCCATGAGACCAAGTTTGCCARGCATTGCGTGA
AGTGCAACAAGGGTTTGGTAARAGGCTCCAGTGTGCTGGCCTATGAAGGACAATCCTGGCACGACTACTGC

TTCCACTGCAAAAANTGCTCCGTGA

AAF32351

>gi|6942193|gb\AAFBZBBl.l[AF220153”l four and a half LIM domains 1
protein isoform C [Howo sapiens])

MAEKFECCHYCRDPLOGKKYVCKDGHHCCLKCEFDKECANTCVECRKPIGADSKEVHYKNRFWHDTCEFRCAK
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FIGURE 7 (continued)
CLHPLANETFVAKDNKILCNKCTTREDSPKCKGCFKAIVAGDONVEYKGTVWHKDCFTCSNCKOVIGTGS

FEFPKGEDFYCVTCHETKFAKHCVKCNKGLVKAPVWWPMKDNPGTTTASTAKNAP

Other isoforms:

AKO09170

>g1{21750135|dbj|2K021702.1| Homo sapiens c¢DNA FLJ34383 fis, clone
HCHON1000015, highly similar tc SKELETAL MUSCLE LIM-PROTEIN 1

AGTCCGCAGCCGCCGCCGCCACCGCCGLCECCTCEGCCTCGGTGCAGGCAGCGGCTGCCGCLGCCGAGALA
GCTGCGCGGGTGAGCATCCCCACGCAGCACCTTGGAAGT TGTTTTCAACCATATCCAGCCTTTGCCGAAT
ACATCCTATCTGCCACACATCCAGCGTGAGGTCCCTCCAGCTACAAGCTGCCGCACCATCGGCGGAGANGTY
TGACTGCCACTACTGCAGGGATCCCTTGCAGGGGAAGAAGTATGTGCAAAAGGATGGCCACCACTGCTGC
CTGRAAATGCTTTGACAAGTTTGCCAAGCATTGCGTGAAGTCCAACAAGGCCATCACATCTGGAGGAATCA
CTTACCAGGATCAGCCCTGGCATGCCGATTGCTTTIGTGTGTGTTACCTGCTCTARGARGCTGGCTGGGCA
GCGTTTCACCGCTGTGGAGGACCAGTATTACTGCGTGGATTGCTACRAGAACTTTGTGGCCAAGAAGTGT
GCTGGATGCRAGAACCCCATCACTGGGTTTGGTAAAGGCTCCAGTGTGGTGGCCTATGAAGGACAATCCT
GGCACGACTACTGCTTCCACTGCAAARAATGCTCCGTGAATCTGGCCAACAAGCGCTTTGTTTTCCACCA
GGAGCRAAGTGTATTGTCCCGACTGTGCCARAARGCTGTAAACT GACAGGGGCTCCTGTCCTGTARRATGG
CATTTGAATCTCGTTCTTTGTGTCCTTACTTTCTGCCCTATACCATCAATAGGGGAAGAGTGGTCCTTCC
CTTCTTTAARAGTTCTCCTTCCGTCTTTTCTCCCATTTTACAGTATTACTCAAATAAGGGCACACAGTGAT
CATATTAGCATTTAGCAAAAACCAACCCTGCAGCAANGTGAATTTCTGTCCGGCTGCAATTTARAAATGA

ARACTTAGGTAGATTGACTCTTCTGCATGTTITCTCATAGAGCAGRARAGTGCTAATCATTTAGCCACTTA

CCGTGTAGACACACGACATGCAAGAGTTGCAGCGGCTGCTCCAACTCACTGCTCACCCTCTTCTGTGAGC
AGGAAAAGAACCCTACTGACATGCATGGTTTAACTTCCTCATCAGRAACTCTGCCCTTCCTTCTGTTCTTT
TGTGCTTTCAAATAACTAACACGAACTTCCAGRARATTARCATTTGAACTTAGCTGTAATTCTAAACTGA
CCTTTCCCCGTACTAACGTTITGGTTTCCCCGTGTGGCATCTTTTCTGAGCGTTCCTACTTTARRGCATGG
AACATGCAGGTGATTTGGGAAGTGTAGAAAGACCTGAGAAARCGAGCCTGTTTCAGAGGAACATCGTCAC
AACGAATACTTCTGGAAGCTTAACARAACTAACCCTGCTGTCCTTTTTATTGTTTTTAATTAATATTTTT
GTTTTAATTGATAGCAAAATAGTTTATGGGTTTGGARACTTGCATGAAAATATTTTAGCCCCCTCAGATG
TTCCTGCAGTGCTGAAATTCATCCTACAGAAGTARCCGCAAARCTCTAGAGGGGEAGT TGAGCAGGCGCC

AGGGCTGTCATCAACATGGATATGACATTTCACAACAGTGACTAGTTGAATCCCTTGTAACGTAGTAGTT
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FIGURE 7 (continued)
GTCTGCTCTTTGTCCATGTGTTAATGAGGACTGCAAAGTCCCTTCTGTTGTGATTCCTAGGACTTTTCCT

CAAGAGGAAATCTGGATTTCCACCTACCGCTTACCTGARATGCAGGATCACCTACTTACTGTATTCTACA
TTATTATATGACATAGTATAATGAGACAATATCAAAAGTAAACATGTAATGACAATACATACTAACATTC
TTGTAGGAGTGGTTAGAGAAGCTGATGCCTCATTTCTACATTCTGTCATTAGCTATTATCATCTAACGTT
TCAGTGTATCCTTACAGAAATAAAGCAGCATATGAAT
>lcliSequence 1 ORF:197..8670 Frame +2
MAEKFDCHYCRDPLOGKKYVCKDGHHCCLKCFDKFARKHCVKCNKATTSGGITYQDQOPWHADCEVCVTCSK

KLAGQRFTAVEDQYYCVDCYKNEVAKKCAGUKNPITGFGKGSSVVAYEGQSWHDYCFHCKKCSVNLANKR
FVEFHQEQVYCPDCAKKL

AX747139

>gi 32131527 |emb |AX747139.1] Seguence 664 from Patent EP1308459
AGTCCGCAGCCGCCGCCGCCACCGCCGCGCCTCGGCCTCGETGCAGGCACCGGCTCCCGCCGCCGAGACA
GCTGCGCEGGECGACCATCCCCACGCAGCACCTTGGRAAGTTGTTTTCRAACCATATCCAGCCTTTGCCGAAT
ACATCCTATCTGCCACACATCCAGCGTGAGGTCCCTCCAGCTACARAGGTGGGCACCATGGCGGAGAAGTT
TGACTGCCACTACTGCAGGGATCCCTTGCAGGGCAAGAAGTATGTGCARAAGGATGGCCACCACTGCTGC
CTGAAATGCTTTGACAAGTTTGCCRAGCATTGCGTGAAGTGCAACAAGGCCATCACATCTGGAGGAATCA
CTTACCACGATCAGCCCTGGCATGCCGATTGCTTTGTGTGTGTTACCTGCTCTAAGAAGCTGGCTGGGCA
GCGTTTCACCGCTCTGGAGGACCAGTATTACTGCGTGGATTGCTACAAGAACTTTGTGGCCARGARGTGT
GCTGGATGCAAGAACCCCATCACTGCGTTTGGTARAGGCTCCAGTGTGGTGGCCTATGAAGGACAATCCT
GGCACGACTACTGCTTCCACTGCAAARAATGCTCCGTGAATCTGGCCAACAAGCGCTTTGTTTTCCACCA
GGAGCAAGTGTATTGTCCCGACTGTGCCAARAAGCTGTAAACTGACAGGGGCTCCTGTCCTGTAAAATGG
CATTTGRAATCTCGTTCTTTGTGTCCTTACTTTCTGCCCTATACCATCAATAGGGGAAGAGTGGTCCTTCC
CTTCTTTAAAGTTCTCCTTCCGTCTTTTICTCCCATTTTACAGTATTACTCAAATAAGGGCACACAGTGAT
CATATTAGCATTTAGCAAAAAGCAACCCTGCAGCARAGTGAATTTCTGTCCGGCTGCAATTTARARATGA
AAACTTAGGTAGATTCACTCTTCTGCATSTTTCTCATAGAGCAGAAAAGTGCTAATCATTTAGCCACTTA
GTGATGEIAAGCAAGAAGCATAGGAGATARARACCCCCACTGAGATGCCTCTCATGCCTCAGCTGGGACCCA
CCCTGTAGACACACGACATGECAAGAGTTGCAGCGGCTGCTCCAACTCACTGCTCACCCTCTTCTGTGAGC
AGGAAAAGAACCCTACTGACATGCATGGTTTARCTTCCTCATCAGAACTCTGCCCTTCCTTCTGTTCTTT
TGTGCTTTCAAATAACTAACACGAACTTCCAGRARATTAACAT I'TGAACTTAGCTGTAATTCTARACTGA
CCTTTCCCCGTACTAACGTTTGGTTTCCCCGTGTGGCATGTTTTCTGAGCGTTCCTACTTTAAAGCATGG
AACATCCAGGTGATTTGCGAAGTGTAGAAAGACCTGAGAAARCGAGCCTGTTTCAGAGGAACATCGTCALC

AACGAATACTTCTGGAAGCTTAACAAAACTAACCCTGCTGTCCTITTTATTGTTTTTAATTAATATTTTT
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FIGURE 7 (continued)
GTTTTAATTGATAGCAAAATAGTTTATGGGT T TGGAAACTTGCATGAARATATTTTAGCCCCCTCAGATG

TTCCTGCAGTGCTGAAATTCATCCTACAGAAGTAACCGCAAAACTCTAGAGGGGGAGTTGAGCAGGCGCC
AGGGCTGTCATCAACATGGATATGACATTTCACAACAGTGACTAGTTGAATCCCTTGTAARCGTAGTAGTT
GTCTGCTCTTTGTCCATGTGTTAATGAGGACTGCAAAGTCCCTTCTGTTGTGATTCCTAGGACTTTTCCT
CAAGAGGARATCTGGATTTCCACCTACCGCTIACCTGAAATGCAGGALCACCTACTTACTGTATTICTACA
TTATTATATGACATAGTATAATGAGACAATATCAAAAGTARACATGTAATGACAATACATACTAACATTC
TTGTAGGAGTGGTTAGAGAAGCTGATGCCTCATTICTACATTCTGTCATTAGCTATTATCATCTRAACGTT

TCAGTGTATCCTTACAGARATAAAGCAGCATATGAAT

>1cl|Segquence 1 CRF:197..670 Frame +2
MAEKFDCHYCRDPLQGKKYVQKDGHHCCLKCFDKFAKHCVKCNKATI TSGGITYQDOQPWHADCEVCVTCSK
KLAGQRFTAVEDQYYCVDCYKNEVAKKCAGCKNPITGEGKGSSVVAYEGQSWHDYCFHCKKCSVNLANKR
FVFHQEQVYCPDCAKKL*
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FIGURE 7 (continued)
Mouse FHL1:

Related mRNA sequences from GenBank: Mouse: AK128904; U77039; AK158966;
U41739; BC029024; BC031120; AF114380; BC059009; AF294825; BC055725

NM_010211

>gi{116517333|ref|NM _010211.2) Mus musculus four and a half LIM
domains 1 (Fhll), transcript wvariant 3, mRNA

AGTCCTGTGCTGCCGCTGTCGCCGCTGCGCTTTGGTCTCGCAGCTGGCAGCGGCCGCCGGTGCCGCCTAG
ACAGCTGCGCGGGCAACTGGTAGCTGTTCTTAGCTGTGCCCAGTCCTTCTGGAACACATCCTGTGTGAGG
TCCCTCCAGCTATAAGCGTGGGCACCATGTCGGACGAACTTCGACTGTCACTACTGCAGGGACCCCTTGCAG
GGGARGAAGTACGTGCAGAAGGATGGCCETCACTGCTECCTGARAGTGCTTTGACARAGTTCTGCGCCAACA
CCTGCGTGGACTGCCGCAAGCCCATAAGCGCTGATGCCAAGGAGGTGCATTATAAGAATCGCTACTGGCA
CGACAACTGCTTCCGCTGTGCCAAGTGCCTTCACCCCTTGGCCAGTGAGACCTTTGTGTCCAAGGATGGC
AAGATCCTGTGCARCAAGTGCGCTACTCGGGAGGACTCCCCCAGGTGCARAGGGTCCTTCAAGCCCATTG
TGGCAGGAGACCAGAACGTGGAGTACAAGGGCACCGTCTGGCATARAGACTGCTTCACCTGCAGCAACTG
CAAGCAAGTCATTGGGACCGGAAGCTTCTTCCCCAAAGGGGAGGACTTCTACTGTGTGACTTGCCATGAG
ACCARGTTCGCCAAACATTGCGTGAAGTGCAACAAGGCCATCACATCTGGAGGAATCACTTACCAGGATC
AGCCCTGGCATGCCGAGTGCTTTGTGTGTGTTACCTGCTCTAAGAAGCTGGCTGGGCAGCGTTTCACCGL
TGCTGGAGGACCAGTATTACTGCGTGGATTGCTACAAGAACTTTGTGGCCAAGAAGTGTGCTGGATGCAAG
AACCCCATCACTGGGTTTGGTAAAGGCTCCAGTGTGGTGGCCTATGAAGGACAATCCTGGCACGACTACT
GCTTCCACTGCARARAATGCTCCGTGAATCTGGCCAACAAGCGCTTTGTATTTCATAATGAGCAGGTGTA
TTGCCCTCACTGTGCCAANANGCTGTAACTTGACAGGGGCTCCTGTCCTGTAARATGGCATTGGAACCAT
TCTTTGTGTCCTTTGCTCCCTCCCTCCCTCTGTACCATCCATAGGGCAAGAGTGGGCTTTCACCTCTTTA
AAGTTGCTCTTTCCGTCTTTTCTCCCATTTTACAGTATTAATCAACGAAGGACACACAGTGATCATATTA
AGATTTAGCAAAGAGCAACCTTGCAGCAARAATAATTTCTCTGTTGCTGCACTGCGAARRACAARAACCTTA
GACTGACTCTTCTGCATGTTTCTCATAGAGCAGRAAAGTGCTAARCCATGTAGCCACTTCACGATGTAARC
GAGAAGCATAGGCGATAAAGCTCCCACTGAGACACCTTTGGGGCTCAGTCTGGATGCGCTGTCCGGTCAC
GTGACTGCGGTGTAAGAGTTGCAGCGGCTGCTCCAACTCCCTTCTCGCCTTCTCTGGGCAGTTARGRAACT
TGCCAGAATGCATGGTTTAACTTCCTTATCAAARCTCTGACCTICCTTCTGTTCTTTTGCTGCTTTCACAC
GACTAACACAGATTTCCAGAGAATTAACATTTITGAACTITGTIGTARATTCTCARGTGACTTTTCCCCCAT
ACTAACATTTGACTCCCTTACGTGGCGTGTTCTCIGAGCGITCCTACTTTAAAGCATGGAACACACAGET

GATTTGAAGCATCTARGCAGATCTGAGAAAACGAGCCTGTTTCAGAACARACTCACCACAGTGACTACTT
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FIGURE 7 (continued)
CGGRAGCTTAACAAGACTAACTCTCCTGTCCTTTTTAATTTTTTTTTTTAAATTTTGTTTTAATGAGTAG

TAARATAGTTTATGGGT TTGGAAACTTGCATGACAATATTTGAGCCTCCTCAAACGTTCCTGCAGTTTTG
AGATTCATCCTGTAGACATGACAAAAACTCTAGAGCCGCAGCTGAGCAGGCACAGGGCTGTCATCARAGT
AGGGACAAGGTGAACTCCTTGTAACATAACCCTTGTCTGCTCTTTGTCTGCATCCAGGAAGAGTGCAAAG
TCCCTTTGCTTGTGATTCTTAGAACTTTCCCTCCAGAATTGCAGTTAGACTCTGGGGCTGTCGGAGGTGG
TCGTCATCCTTCACAGGCAGGACTGGGTTTTCACCCCCTTCTCTGAAACGCAGGATTGCCTCCTTAACTG
TACTCTCCATTTTATTACATATATAACGAGCCARTATCAAAGTARAGATGTAATGAARACACACACTCAT
ATATTACTGTAGGAGTGGTTATAGATGCCAACACCTICATTTCCATATTITGTCATTAGCTGTTTCCATCTA
CTGTTTGATTGTATCCTTACARAAATAANGCAGCATAGARAGAGCA

>CCDs30148.1 prot length=280
MSEKFDCHYCRDPLOGKKYVQKDGRHCCLKCFDKECANTCVDCRKPISAD
AKEVHYKNRYWHDNCFRCAKCLHPLASETEFVSKDGKILCNKCATREDSPR
CEGCFRAIVAGDONVEYKGTVWHKDCFTCSNCKQVICTGSFFPRKGREDTYC
VICHETKFAKHCVKCNKAITSGGITYQDQPWHAECKHVCV ICSKKLAGQRE
TAVEDQYYCVDCYKNEVAKKCAGCKNPITGEGRKGSSVVAYEGOSWHDYCE
HCEKKCSVNLANKRFVFHNEQVYCPDCAKKL

AK158966

>gi (74186514 |dbi {AK158966.1| Mus musculus visual cortex cDNA, RIKEN
full-length enriched library, clone:K530020N06 product:four and a
half LIM domains 1, full insert segquence

GGGGGAGCCGCAGCTCGTGCTCCGTGGCCGCTACTCCGGGGCTGCGCGEACCTGCTGGGCTTGEGETACCT
GCGGCCTCCGGCCTCCGCTGCCTCGCCCACGTTGGGGCCTGAGGAACCTGGGGLTCCAAGGTCCCTTAGS
GCAACTGGTAGCTGTTCTTAGCTGTGCCCAGTCCTTCTGGAACACATCCTGTGTGAGGTCCCTCCAGCTA
TAAGGTGGGCACCATGTCGGAGARGTTCGACTGTCACTACTGCAGGGACCCCTTGCAGGGGAAGAAGTAL
GTGCAGAAGGATGGCCGTCACTGCTGCCTGARGTGCTTTGACAAGTTCTGCGCCAACACCTGCGTGGACT
GCCGCAAGCCCATAAGCGCTGATGCCARAGGAGGTGCATTATAAGAATCCGCTACTSCCACCACANCTGCTT
CCGCTGTGCCARGTGCCTTCACCCCTTGCGCCAGTGAGACCTTTGTGTCCAAGGATGGCAAGATCCTGTGC
AACRAAGTGCGCTACTCGGGAGGACTCCCCCAGGTGCAAAGGGTGCTTCAAGGCCATTGTGGCAGGAGACC
AGAACGTGGAGTACAAGGGCACCGTCTGGCATAAAGACTGCTTCACCTGCAGCAACTGCAAGCAAGTCAT
TGGGACCGGAAGCTTCTTCCCCARAGGGGAGGACTTCTACTGTGTGACTTGCCATGAGACCAAGTTCGCC
ARACATTGCCTGAAGTCCARCAAGGCCATCACATCTGGAGGAATCACTTACCAGGATCAGCCCTGGCATG
CCGAGTGCTTTGTGTGTGTTACCTGCTCTARGAAGCTGGCTGGGCAGCGTTTCACCGCTGTGGAGGACCA
GTATTRECTGCGTGGATTGCTACAAGAACTTTGTGGCCAAGAAGTGTGCTGGATGCAAGAACCCCATCACT

GGGAAAAGGAC TG GTCAAGAGTGAGCCACCCAGTCTCTAAAGCTAGGAAGTCCCCAGTGTGCCACGGGA
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FIGURE 7 (continued)
AACGCTIGCCTCTCACCCTGTTTCCCAGCGCCAACCTCCGGGGCAGGCATCCGGGTGGAGAGAGGACTTG

TCCCTCCTGGGTGGTGGTTCTTTATAGAARAAATCGAAGCTTAGCAGCTCCTCGAGGCCCGGGTTTGGTA
AAGGCTCCAGTGTGGTGGCCTATGAAGCGACAATCCTGGCACGACTACTGCTTCCACTGCAAAAAATGCTC
CGTGAATCTGGCCAACAAGCGCTTTGTATTTCATAATGAGCAGGTGTATTGCCCTGACTGTGCCARRAAG
CTGTAACTTGACAGGGGCTCCTGTCCTGTARAATGGCATTGGAACCATTCTTTGTGTCCTTTGCTCCCTC
CCTCCCTCTGTACCATCCATAGGGCAAGAGTGGGCTTTCACCTCTTTAAAGTTGCTCTTTCCGTCTTTTC
TCCCATTTTACAGTATTAATCAACGAAGGACACACAGTGATCATATTAAGATTTAGCAAAGAGCAACCTT
GCAGCAARAATAATTTCTCTGTTGCTGCACTGGAAARACARAACCTTAGACTGACTCTTCTGCATGTTTC
TCATAGAGCAGAAAAGTGCTAACCATGTAGCCACTTCACGATGTAARCGAGRAGCATAGGCGATARAGCT
CCCACTGAGACACCTTTGGGGCTCAGTCTGGATGCGCTGTGCGGTCACGTGACTGCGGTGTAAGACTTGC
AGCGGCTGCTCCANCTCCCTTCTCGCCTTCTCTGGGCAGTTARAGARCT TGCCAGAATGCATGGTTTAACT
TCCTTATCARAACTCTGACCTTCCTTCTGTTCTTTTGTGCTT TCACACGACTARCACAGATTTCCAGAGA
ATTAACATTTTGAACTTTGTTGTAATTCTCAAGTGACTTTTCCCCCATACTAACATTTGACTCCCTTACG
TGGCGTCTTCTCTGAGCGTTCCTACTTTARAGCATGCGARCACACAGGTCGATTTCAAGCATCTAACGCAGAT
CTGAGAAARACGAGCCTGTTTCAGAACAAACTCACCACAGTGACTACTTCGGAAGCTTAACAAGACTAACT
CTCCTGTCCTTTTTAATTTTT T T T T TARATTTTCTTTTAATGAGTAGTAAAATAGTTTATGGCTTTGGAR
ACTTGCATGACRATATTTGAGCCTCCTCARACGTTCCTGCAGT TTTGAGATTCATCCTGTAGRACATGACA
AARACTCTAGCAGCCGCAGCTGAGCAGGCACAGGCGCTGTCATCARAGTAGGCGACAAGGTGAAGTCCTTGTA
ACATAACCGTTGTCTGCTCTTTGTCTGCATCCAGGAAGAGTGCAAAGTCCCTTTGCTTGTGATTCTTAGA
ACTTTCCCTCCAGRAATTGCAGTTAGACTCTGGGGCTGTCGGAGGTGGTCGYCATCCITCACAGGLAGGAT
TGGGTTTTCACCCCCTTCTCTGAAACCGCAGGATTGCCTCCTTAACTGTACTCTCCATTTTATTACATATA
TAACGAGCCAATATCAAAGTARAGATGTAATGAARACACACACTCATATATTACTGTAGGAGTGGTTATA
GATCGCCARCACCTCATTTCCATATTTGTCATTAGCTGTTTCCATCTACTGTTTGATTGTATCCTTACAAA
ARTADMAGCAGCATAG

>1lcl|Sequence 1 ORF:224..1185 Frame +2
MSEKFDCHYCRDPLOGKKYVQKDGRHCCLKCEDKEFCANTCVDCRKPISADAKEVHYKNRYWHDNCFRCAK
CLHPLASETFVSKDGKILCNKCATREDSPRCKGCFKAIVAGDQNVEYKCTVWHKDCETCSNCKQVIGTGS
FFPKGEDFYCVTCHETKFAKHCVECNKAITSGGITYODOPWHAECEVCVTCSKKLAGQREFTAVEDQYYCV

DCYKNFVAKKCAGCKNPITGKRTVSRVIHEPVSKARKSPVCIGKRLPLTLIPSANLRGRHPGGERTCESWY
VVLYRKNRSLAAPRGPGLVKAPVWWPMKDNPGTTTASTAKNAPR*
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1
METHODS OF IDENTIFYING FHIL1
MUTATIONS ASSOCIATED WITH NOVEL
X-LINKED MUSCULAR MYOPATHIES

This application is a continuation of U.S. application Ser.
No. 12/663,221 filed on Jun. 3, 2010, now U.S. Pat. No.
8,580,502, which is a 371 filing of International patent appli-
cation no. PCT/CA2008/001062 filed on Jun. 4, 2008, which
claims the benefit of U.S. application No. 60/933,251 filed on
Jun. 4, 2007, the entire content of which is incorporated
herein by reference thereto.

FIELD OF THE INVENTION

The Present Invention Relates to Gene Mutations. FHL1
Mutations Associated with a Novel X-Linked Muscular Myo-
pathies.

BACKGROUND OF THE INVENTION

Muscular dystrophies (MD) are defined as a group of inher-
ited muscle disorders characterized by the progressive degen-
eration and weakness of voluntary skeletal muscle (Davies
and Nowak, 2006). The various forms of MD vary widely
with respect to age of onset, incidence, pattern of inheritance,
rate of progression, and distribution and severity of muscle
weakness. Certain muscular dystrophies can involve cardiac
and smooth muscle tissue. MD most commonly exhibits an
X-recessive mode of transmission, and is usually caused by
mutations in the DMD gene on Xp21.2. Resulting in deficien-
cies in dystrophin protein, DMD mutations cause rapidly
progressive weakness and wasting of the proximal muscles in
the lower body. Duchenne MD (DMD), the most common
neuromuscular disorder, is caused by frameshift mutations
that result in the complete absence of functional dystrophin,
whereas the phenotypically less severe Becker’s MD is asso-
ciated with missense and inframe deletions that result in
reduced levels of functional dystrophin or expression of par-
tially functional protein (Davies and Nowak, 2006). This
structural protein functions to link the actin cytoskeleton with
muscle fibre membranes across the sarcolemma, providing
structural support to the muscle cell (Ervasti, 2007). The
absence of dystrophin compromises the complex across the
muscle, leading to degeneration of muscle tissue. Affecting 1
in 4,000 live male births, DMD is correlated with onset before
age 6 and a typical life span of 20-25 years; in contrast,
Becker’s MD has onset in adolescence or adulthood with
symptoms similar to but generally less severe than DMD.
These include muscle pseudohypertrophy, proximal muscle
atrophy, and rarely, cardiomyopathy and/or mental deficits.

Emery-Dreifuss MD (EDMD) is another form of late onset
X-recessive MD caused by deficiencies in the emerin protein,
encoded by the EMD gene on Xq28 (Ellis, 2006). EDMD is
phenotypically distinct from other X-linked MDs in that there
is humeroperoneal distribution of muscle wasting, absence of
muscle pseudohypertrophy, and at very high frequency, car-
diomyopathy.

There is a need in the art to identify Four and a Half LIM
domains protein 1 (FHL-1) mutations, and the proteins
encoded therefrom that are associated with muscular myopa-
thies including muscular dystrophy and cardiomyopathy.
LIM domains, named after their initial discovery in the pro-
teins Linll, Isl-1 & Mec-3, are protein structural domains,
composed of two contiguous zinc finger domains, separated
by a two-amino acid residue hydrophobic linker. Further
there is aneed in the art to be able to screen for such mutations
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to identify individuals that have or are at risk for developing
muscular myopathies, including muscular dystrophy and car-
diomyopathy.

SUMMARY OF THE INVENTION

The present invention relates to gene mutations. More spe-
cifically, the present invention relates to gene mutations asso-
ciated with muscular myopathies.

According to the present invention there is provided a
protein comprising amino acids 1-230 of SEQ ID NO:1, a
fragment thereof or a sequence exhibiting at least 70% iden-
tity thereto and comprising the amino acid sequence
VAKKCX,GX,X,NPIT (SEQ ID NO:4) wherein X, is any
amino acid except C; and X, and X; are independently any
amino acid.

Preferably X, is A or S and X; is K, N or Q.

Also provided is the protein as defined above, wherein X,
is tryptophan.

The present invention also provides a protein as defined
above, wherein the protein is defined by SEQ ID NO:2 or
SEQ ID NO:3.

Also provided by the present invention is a nucleic acid
comprising a sequence

a) encoding the protein as defined above or a fragment
thereof;

b) that is the complement of a sequence encoding the
protein as defined above, or a fragment thereof;

c) that is capable of hybridizing to a nucleic acid encoding
the protein as defined above or fragment thereof under
stringent hybridization conditions; or

d) that exhibits greater than about 70% sequence identity
with the nucleic acid defined in a) or b).

Also provided by the present invention is a nucleic acid as
defined above wherein the fragment comprises the amino acid
sequence GWK.

Also provided is a nucleic acid as defined above wherein
X, is tryptophan.

Also contemplated is the nucleic acid as defined above
wherein the protein is defined by SEQ ID NO:2 or SEQ ID
NO:3.

The present invention also provides a method of screening
a subject for an X-linked muscular myopathy comprising,

a) obtaining a biological sample from the subject, and;

b) assaying the sample for a nucleic acid encoding the
protein as defined above or a fragment thereof compris-
ing the amino acid sequence VAKKCX, GX,X,NPIT
(SEQ ID NO:4) wherein X, is any amino acid except C;
and X, and X are independently any amino acid, or

c) assaying the sample for the protein as defined above ora
fragment thereof comprising the amino acid sequence
VAKKCX,GX,X,NPIT (SEQ ID NO:4) wherein X, is
any amino acid except C; and X, and X; are indepen-
dently any amino acid.

Also provided is a method as defined above, wherein the
muscular myopathy is a skeletal muscle myopathy, or a car-
diomyopathy, for example, but not limited to muscular dys-
trophy.

Also provided is a method as defined above, wherein X, is
tryptophan.

The invention also provides a method as defined above
wherein the protein is defined by SEQ ID NO:2 or SEQ ID
NO:3.

Further provided is the method as defined above, wherein
the subject is a human subject.

Also provided is a method as defined above, wherein the
biological sample is a blood sample.
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Also provided is a method as defined above wherein assay-
ing comprises PCR, probe hybridization or sequencing.

The present invention also provides a kit comprising

i) a protein or fragment thereof that is associated with
muscular myopathy as described herein,

ii) an antibody that selectively binds to a protein or frag-
ment thereof associated with muscular myopathy as
described herein, rather than a wild-type protein not
associated with the muscular myopathy,

iii) one or more nucleic acid primers to amplify a nucle-
otide sequence encoding a protein or fragment thereof
which comprises a mutation associated with an X-linked
muscular myopathy as provided herein,

iv) one or more nucleic acid probes of between about 9 and
100 nucleotides that hybridizes to the nucleotide
sequence encoding a protein or fragment thereof which
comprises a mutation associated with an X-linked mus-
cular myopathy as provided herein,

v) one or more reagents including, but not limited to
buffer(s), dATP, dTTP, dCTP, dGTP, or DNA poly-
merase(s),

vi) instructions for assaying, diagnosing or determining the
risk of a subject to muscular myopathy,

vii) instructions for using any component or practicing any
method as described herein,

or any combination thereof.

The present invention also provides a FHL-1 protein com-
prising an isoleucine insertion at position 128. In a preferred
embodiment protein comprises the human isoform a, b or ¢
amino acid sequence or an amino acid sequence which is at
least 70% identical thereto.

The present invention also provides a nucleotide sequence
encoding the FHL-1 protein as defined above.

Also provided by the present invention is an antibody that
selectively binds the FHL-1 protein as described above but
preferably not a wild type FHL-1 protein.

The present invention also provides a method of screening
a subject for an X-linked muscular myopathy comprising

a) obtaining a biological sample from the subject;

b) assaying the sample for a nucleic acid encoding a FHL.-1
protein comprising an isoleucine insertion at position
128, or

¢) assaying the sample for the FHL.-1 protein comprising
an isoleucine insertion at position 128,

wherein the presence of the nucleic acid or protein indi-
cates that the subject has or is at risk of developing a
muscular myopathy.

Also provided by the present invention are kits comprising
FHL--1 protein having an isoleucine insertion at position 128,
a nucleotide sequence encoding a FHL-1 protein comprising
an isoleucine insertion at position 128, a probe that may be
employed to identify nucleotide sequences encoding an iso-
leucine at position 128, primers that can amplify such
sequences, antibodies that recognize the proteins as defined
above but preferably not wild-type FHL-1 proteins, instruc-
tions for screening subjects, one or more reagents that can be
used to use one or components of the kit or any combination
thereof. Other components as described herein or as would be
known in the art can also be included and this list is not meant
to be limiting in any manner.

This summary of the invention does not necessarily
describe all features of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will become more
apparent from the following description in which reference is
made to the appended drawings wherein:
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FIGS. 1A-C show pedigrees of three families. FIG. 1A
shows the pedigree of the X-linked postural muscular myopa-
thy family. Family members from whom DNA samples were

obtained are indicated by arrows (&"). FIG. 1B shows UK
family 2 pedigree members exhibiting muscular myopathies.
FIG. 1C shows UK family 3 pedigree members exhibiting
muscular myopathies.

FIG. 2 shows atrophy of the postural back muscles as
clinically assessed in a patient in the early stages of disease.
Atrophy of the deltoideus muscle. Gluteus maximus, biceps
brachii, triceps brachii, and lower arms appear normal.
Biceps femoris (hamstring muscles), adductor magnus
(thighs), abductor pollicis brevis and adductor pollicis longus
(hand) show signs of atrophy.

FIG. 3 shows muscle biopsy of the vastus lateralis muscle
(A.) and anterior tibial muscle (B). Muscle histology revealed
amoderate myopathy with a moderate perimysial and limited
endomysial fibrosis. In all biopsies, some round, autophagic
vacuoles predominant in type 2 fibers were detectable. These
vacuolar changes were most prominent in patient B. Addi-
tionally, centrally placed myonuclei were increased and
rarely single fiber necrosis and granular myofiber degenera-
tion were seen.

FIG. 4 shows muscle biopsy of the vastus lateralis muscle
(A.) and anterior tibial muscle (B). Myosin ATPase staining at
acidic pH 4.3/4.6 reveals type 1 (dark) and type II (light)
muscle fibre distribution in patients in the early stages of
disease. Variability of fiber size was increased in all speci-
mens, with diameters ranging between 20 to 100 .mu.m, and
most prominent in type 2 fibers. In NADH and COX his-
tochemistry centrally negative core-like lesions were
detected in both patients, without any further mitochondrial
alterations.

FIG. 5 shows linkage analysis to the DMD locus using
polymorphic STR intragenic markers STR-44, STR-45,
STR-48, STR-49, and STR-50 revealed different haplotypes
in the affecteds, conclusively excluding the DMD locus.
Recombination of markers STR-44, STR-48, STR-49, and
STR-50 is evident, as illustrated by haplotypes.

FIG. 6 shows an ideogrammatic representation of the
X-linked myopathy with postural muscle atrophy (XMPMA)
locus on the distal arm of chromosome X, the electrophero-
grams indicating the wild-type (SEQ ID NO: 40) and muta-
tion sequence (SEQ ID NO: 41) for the Austrian XMPMA
family, and the secondary structure of FHL1, indicating the
position of the resulting amino acid substitution, C224W,
relative to structural features in the protein (SEQ ID NO: 39).

FIG. 7 shows amino acid and nucleotide sequences as
described herein and throughout as well as several wild-type
protein sequences known in the art, e.g., mRNA sequence
NM_ 001449 (SEQ ID NO:7) and amino acid sequence
NP_ 001440 (SEQ ID NO:8) of Human FHIL.1 isoform a;
mRNA sequence AF098518 (SEQ ID NO:9) and amino acid
sequence AAC72390 (SEQ ID NO:10) of Human FHL1 iso-
form b; mRNA sequence AF220153 (SEQ ID NO:11) and
amino acid sequence AAF32351 (SEQ ID NO:12) of Human
FHL1 isoform ¢; mRNA sequence (SEQ ID NO:13) and
amino acid sequence (SEQ ID NO:14) of Human FHIL1 iso-
form AK09170; mRNA sequence (SEQ ID NO:15) and
amino acid sequence (SEQ ID NO:16) of Human FHIL1 iso-
form AX747139; mRNA sequence (SEQ ID NO:17) and
amino acid sequence (SEQ ID NO:18) of Mouse FHL1 iso-
form NM_ 010211; mRNA sequence (SEQ ID NO:19) and
amino acid sequence (SEQ ID NO:20) of Mouse FHL1 iso-
form AK158966.
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FIG. 8 shows a comparative analysis of the 4” LIM binding
domain of FHL1 across several species, i.e., Human (SEQ ID
NO:21), Rhesus (SEQ ID NO:22), Mouse (SEQ ID NO:23),
Opossum (SEQ IDNO:24), Chicken (SEQ ID NO:25), Xeno-
pus (SEQ ID NO:26), Zebrafish (SEQ ID NO:27) and Tetra-
odon (SEQ ID NO:28).

DETAILED DESCRIPTION

The following description is of a preferred embodiment.

We have identified a large multigenerational Austrian fam-
ily displaying a novel form of muscular myopathy with an
X-recessive mode of inheritance. Affected individuals
develop specific atrophy of postural muscles, with histology
showing gradual atrophy of type I muscle fibers. Known
X-recessive MDs were excluded by immunocytochemical
staining, marker analysis and gene sequencing. Marker
analysis revealed significant linkage at Xq26-q27. Haplotype
analysis based on 250K array SNP chip data of five affected
individuals along with three unaffected family members con-
firmed this linkage region on the distal arm of the X-chromo-
some (Xq26-q27) and enabled us to narrow down the candi-
date interval to 26 Mb encompassing approximately 850
consecutive SNPs. Sequencing of functional candidate genes
led to the identification of a mutation within the four-and-a-
half LIM domain 1 gene (FHL1), which putatively disrupts
the 4th LIM domain. FHL.1 on Xq27.2, is highly expressed
specifically in type I muscle fibers. Thus, we have character-
ized a new form of myopathy, X-linked myopathy with pos-
tural muscle atrophy (XMPMA), and identified FHL1 as the
causative gene. Other family studies also confirm FHL1 as the
causative gene in X-linked myopathies and cardiomopathies,
as described herein.

Proteins and Amino Acids

According to an embodiment of the present invention there
is provided a protein comprising amino acids 1-230 of SEQ
ID NO:1, a fragment thereof or an amino acid sequence
exhibiting at least 70% identity thereto and comprising the
amino acid sequence VAKKCX GX,X;NPIT (SEQ ID
NO:4) wherein X, is any amino acid except C; and X, and X,
are independently any amino acid. Preferably X, is A or S and
X, is K, Nor Q. In a preferred embodiment X, is tryptophan,
for example, but not limited to as defined by SEQ ID NO:2 or
SEQ ID NO:3.

An amino acid sequence exhibiting at least 70% identity
thereto is understood to include sequences that exhibit 70%,
75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, 99.9% or 100% identity, or any value therein
between to SEQ ID NO:1 or a fragment thereof. Further, the
protein may be defined as comprising a range of sequence
identity as defined by any two of the values listed or any
values therein between.

Any method known in the art may be used for determining
the degree of identity between polypeptide sequences. For
example, but without wishing to be limiting, a sequence
search method such as BLAST (Basic Local Alignment
Search Tool; (Altschul S F, Gish W, Miller W, Myers E W,
Lipman D J (1990) J Mol Biol 215, 403 410) can be used
according to default parameters as described by Tatiana et al.,
FEMS Microbial Lett. 174:247 250 (1999), or on the National
Center for Biotechnology Information web page at ncbi.n-
Im.gov/BLAST/, for searching closely related sequences.
BLAST is widely used in routine sequence alignment; modi-
fied BLAST algorithms such as Gapped BLAST, which
allows gaps (either insertions or deletions) to be introduced
into alignments, or PSI-BLAST, a sensitive search for
sequence homologs (Altschul et al., Nucleic Acids Res.
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25:3389 3402 (1997); or FASTA, which is available on the
world wide web at ExPASy (EMBL—FEuropean Bioinfor-
matics Institute). Similar methods known in the art may be
employed to compare DNA or RNA sequences to determine
the degree of sequence identity.

In an embodiment of the present invention, which is not
meant to be considered limiting there is provided a FHL1
protein comprising an amino acid insertion. In a further
embodiment, there is provided a FHIL.1 protein comprising an
isoleucine amino acid insertion. In still a further embodiment,
there is provided an a FHL 1 protein comprising 128Insl. Any
isoform, for example, but not meant to be limiting to isoforms
a, b or ¢ may comprise this amino acid insertion. Nucleotide
sequences encoding such proteins are also encompassed by
the invention as described below.

Nucleic Acids

Also contemplated by the present invention is a nucleic
acid comprising a sequence

a) encoding the protein as described above, or a fragment
thereof;

b) that is the complement of a sequence encoding the
protein as described above, or a fragment thereof;

c) that is capable of hybridizing to a nucleic acid encoding
the protein as described above or fragment thereof under
stringent hybridization conditions; or

d) that exhibits greater than about 70% sequence identity
with the nucleic acid described in a) or b).

Without wishing to be limiting, representative examples of
nucleic acids encoding the proteins as defined above are
provided by SEQ ID NOs:5 and 6 wherein X is not cytosine
(c) or any other nucleotide that produces cysteine when trans-
lated.

The nucleic acids described above include nucleic acids
that may be employed to produce proteins which are associ-
ated with X-linked muscular myopathy, probes which may be
used to identify or diagnose subjects carrying a mutation
which causes or predisposes the subject to muscular myopa-
thy, antisense or short inhibitory RNA that may be used to
modulate production of protein from genes associated with
muscular myopathy or a combination thereof. The proteins,
fragments thereof or nucleic acids as described above also
may be used to produce antibodies that selectively recognize
the proteins as described above preferably over wild-type
proteins known in the art.

Ina preferred embodiment of the nucleic acids as described
above, X, is tryptophan. In a further embodiment of the
method, the protein is defined by SEQ ID NO:2 or SEQ ID
NO:3. In still a further embodiment, the protein is a human
FHL.1 protein comprising an isoleucine amino acid insertion
at position 128 (128InsI).

Stringent hybridization conditions may be, for example but
not limited to hybridization overnight (from about 16-20
hours) hybridization in 4xSSC at 65° C., followed by washing
in 0.1xSSC at 65° C. for an hour, or 2 washes in 0.1xSSC at
65° C. each for 20 or 30 minutes. Alternatively, an exemplary
stringent hybridization condition could be overnight (16-20
hours) in 50% formamide, 4xSSC at 42° C., followed by
washing in 0.1xSSC at 65° C. for an hour, or 2 washes in
0.1xSSC at 65° C. each for 20 or 30 minutes, or overnight
(16-20 hours); or hybridization in Church aqueous phosphate
buffer (7% SDS; 0.5M NaPO,, buffer pH 7.2; 10 mM EDTA)
at 65° C., with 2 washes either at 50° C. in 0.1xSSC, 0.1%
SDS for 20 or 30 minutes each, or 2 washes at 65° C. in
2xSSC, 0.1% SDS for 20 or 30 minutes each for unique
sequence regions.

The present invention is further directed to a nucleotide
construct comprising the nucleic acid as described above
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operatively linked to one or more regulatory elements or
regulatory regions. By “regulatory element” or “regulatory
region”, it is meant a portion of nucleic acid typically, but not
always, upstream of a gene, and may be comprised of either
DNA or RNA, or both DNA and RNA. Regulatory elements
may include those which are capable of mediating organ
specificity, or controlling developmental or temporal gene
activation. Furthermore, “regulatory element” includes pro-
moter elements, core promoter elements, elements that are
inducible in response to an external stimulus, elements that
are activated constitutively, or elements that decrease or
increase promoter activity such as negative regulatory ele-
ments or transcriptional enhancers, respectively. By a nucle-
otide sequence exhibiting regulatory element activity it is
meant that the nucleotide sequence when operatively linked
with a coding sequence of interest functions as a promoter, a
core promoter, a constitutive regulatory element, a negative
element or silencer (i.e. elements that decrease promoter
activity), or a transcriptional or translational enhancer.

By “operatively linked” it is meant that the particular
sequences, for example a regulatory element and a coding
region of interest, interact either directly or indirectly to carry
out an intended function, such as mediation or modulation of
gene expression. The interaction of operatively linked
sequences may, for example, be mediated by proteins that
interact with the operatively linked sequences.

Regulatory elements as used herein, also includes elements
that are active following transcription initiation or transcrip-
tion, for example, regulatory elements that modulate gene
expression such as translational and transcriptional enhanc-
ers, translational and transcriptional repressors, and mRNA
stability or instability determinants. In the context of this
disclosure, the term “regulatory element” also refers to a
sequence of DNA, usually, but not always, upstream (5') to
the coding sequence of a structural gene, which includes
sequences which control the expression of the coding region
by providing the recognition for RNA polymerase and/or
other factors required for transcription to start at a particular
site. An example of a regulatory element that provides for the
recognition for RNA polymerase or other transcriptional fac-
tors to ensure initiation at a particular site is a promoter
element. A promoter element comprises a core promoter ele-
ment, responsible for the initiation of transcription, as well as
other regulatory elements that modify gene expression. [tisto
be understood that nucleotide sequences, located within
introns, or 3' of the coding region sequence may also contrib-
ute to the regulation of expression of a coding region of
interest. A regulatory element may also include those ele-
ments located downstream (3') to the site of transcription
initiation, or within transcribed regions, or both. In the con-
text of the present invention a post-transcriptional regulatory
element may include elements that are active following tran-
scription initiation, for example translational and transcrip-
tional enhancers, translational and transcriptional repressors,
and mRNA stability determinants.

The regulatory elements, or fragments thereof, may be
operatively associated (operatively linked) with heterologous
regulatory elements or promoters in order to modulate the
activity of the heterologous regulatory element. Such modu-
lation includes enhancing or repressing transcriptional activ-
ity of the heterologous regulatory element, modulating post-
transcriptional events, or both enhancing/repressing
transcriptional activity of the heterologous regulatory ele-
ment and modulating post-transcriptional events. For
example, one or more regulatory elements, or fragments
thereof, may be operatively associated with constitutive,
inducible, tissue specific promoters or fragment thereof, or
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fragments of regulatory elements, for example, but not lim-
ited to TATA or GC sequences may be operatively associated
with the regulatory elements of the present invention, to
modulate the activity of such promoters within plant, insect,
fungi, bacterial, yeast, or animal cells.

There are several types of regulatory elements, including
those that are developmentally regulated, inducible and con-
stitutive. A regulatory element that is developmentally regu-
lated, or controls the differential expression of a gene under
its control, is activated within certain organs or tissues of an
organ at specific times during the development of that organ
or tissue. However, some regulatory elements that are devel-
opmentally regulated may preferentially be active within cer-
tain organs or tissues at specific developmental stages, they
may also be active in a developmentally regulated manner, or
atabasal level in other organs or tissues within a plant as well.

By “promoter” it is meant the nucleotide sequences at the
5'end of a coding region, or fragment thereof that contain all
the signals essential for the initiation of transcription and for
the regulation of the rate of transcription. There are generally
two types of promoters, inducible and constitutive promoters.

An inducible promoter is a promoter that is capable of
directly or indirectly activating transcription of one or more
DNA sequences or genes in response to an inducer. In the
absence of an inducer the DNA sequences or genes will not be
transcribed. Typically the protein factor that binds specifi-
cally to an inducible promoter to activate transcription is
present in an inactive form which is then directly or indirectly
converted to the active form by the inducer. The inducer can
be a chemical agent such as a protein, metabolite, growth
regulator, or a physiological stress imposed directly by heat,
cold, or toxic elements or indirectly through the action of a
pathogen or disease agent such as a virus.

A constitutive promoter directs the expression of a gene
throughout the various parts of an organism and/or continu-
ously throughout development of an organism. Any suitable
constitutive promoter may be used to drive the expression of
the proteins or fragments thereof as described herein.
Examples of known constitutive promoters include but are
not limited to those associated with the CaMV 35S transcript.
(Odell et al., 1985, Nature, 313: 810-812).

The term “constitutive” as used herein does not necessarily
indicate that a gene is expressed at the same level in all cell
types, but that the gene is expressed in a wide range of cell
types, although some variation in abundance is often
observed.

The gene construct of the present invention can further
comprise a 3' untranslated region. A 3' untranslated region
refers to that portion of a gene comprising a DNA segment
that contains a polyadenylation signal and any other regula-
tory signals capable of effecting mRNA processing or gene
expression. The polyadenylation signal is usually character-
ized by effecting the addition of polyadenylic acid tracks to
the 3 prime end of the mRNA precursor.

The gene construct of the present invention can also
include further enhancers, either translation or transcription
enhancers, as may be required. These enhancer regions are
well known to persons skilled in the art, and can include the
ATG initiation codon and adjacent sequences. The initiation
codon must be in phase with the reading frame of the coding
sequence to ensure translation of the entire sequence. The
translation control signals and initiation codons can be from a
variety of origins, both natural and synthetic. Translational
initiation regions may be provided from the source of the
transcriptional initiation region, or from the structural gene.
The sequence can also be derived from the regulatory element
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selected to express the gene, and can be specifically modified
so as to increase translation of the mRNA.

The present invention further includes vectors comprising
the nucleic acids as described above. Suitable expression
vectors for use with the nucleic acid sequences of the present
invention include, but are not limited to, plasmids,
phagemids, viral particles and vectors, phage and the like. For
insect cells, baculovirus expression vectors are suitable. For
plant cells, viral expression vectors (such as cauliflower
mosaic virus and tobacco mosaic virus) and plasmid expres-
sion vectors (such as the Ti plasmid) are suitable. The entire
expression vector, or a part thereof, can be integrated into the
host cell genome.

Those skilled in the art will understand that a wide variety
of expression systems can be used to produce the proteins or
fragments thereof as defined herein. With respect to the in
vitro production, the precise host cell used is not critical to the
invention. The proteins or fragments thereof can be produced
in a prokaryotic host (e.g., E. coli or B. subtilis) or in a
eukaryotic host (e.g., Saccharomyces or Pichia; mammalian
cells, such as COS, NIH 3T3, CHO, BHK, 293, or HeLacells;
insect cells; or plant cells). The methods of transformation or
transfection and the choice of expression vector will depend
on the host system selected and can be readily determined by
one skilled in the art. Transformation and transfection meth-
ods are described, for example, in Ausubel et al. (1994) Cur-
rent Protocols in Molecular Biology, John Wiley & Sons,
New York; and various expression vectors may be chosen
from those provided, e.g., in Cloning Vectors: A Laboratory
Manual (Pouwels et al., 1985, Supp. 1987) and by various
commercial suppliers.

In addition, a host cell may be chosen which modulates the
expression of the inserted sequences, or modifies/processes
the gene product in a specific, desired fashion. Such modifi-
cations (e.g., glycosylation) and processing (e.g., cleavage) of
protein products may be important for the activity of the
protein. Different host cells have characteristic and specific
mechanisms for the post-translational processing and modi-
fication of proteins and gene products. Appropriate cell lines
or host systems can be chosen by one skilled in the art to
ensure the correct modification and processing of the
expressed cardiac stem cell proliferation protein.

Methods of Screening

The present invention also provides a method of screening
a subject for an X-linked muscular myopathy comprising,

a) obtaining a biological sample from the subject, the bio-
logical sample comprising DNA or RNA if the sample is
assayed for nucleic acid, or FHL-1 protein if the sample
is assayed for protein, and;

b) assaying the sample for a nucleic acid encoding the
protein as defined above or a fragment thereof compris-
ing the amino acid sequence VAKKCX, GX,X,NPIT
(SEQ ID NO:4) wherein X, is any amino acid except C;
and X, and X are independently any amino acid, or

¢) assaying the sample for the protein as defined above or a
fragment thereof comprising the amino acid sequence
VAKKCX,GX,X;NPIT (SEQ ID NO:4) wherein X, is
any amino acid except C; and X, and X; are indepen-
dently any amino acid.

The present invention also provides a method of screening

a subject for an X-linked muscular myopathy comprising,

a) obtaining a biological sample from the subject, the bio-
logical sample comprising DNA or RNA if the sample is
assayed for nucleic acid, or FHL-1 protein if the sample
is assayed for protein, and;
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b) assaying the sample for a nucleic acid encoding a FHL.-1
protein comprising an isoleucine insertion at position
128 (1281Insl), or

¢) assaying the sample for the FHL-1 protein comprising

an isoleucine insertion at position 128 (128InsI).

The FHL protein may be identical or substantially identical
to human FHL-1 protein isoform a, b or ¢, as described herein
or it may be substantially identical meaning comprising at
least 70% identity, more preferably at least 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
99.5% or 99.9% identity thereto.

Also provided is a method as defined above, wherein the
muscular myopathy is a skeletal muscle myopathy, for
example, but not limited to muscular dystrophy. Alterna-
tively, but not wishing to be limiting, the muscular myopathy
may be a cardiomyopathy. Cardiomyopathies are specifically
contemplated as the affected individuals studied herein
appear to exhibit symptoms of such and/or die of heart related
disease.

In the embodiment described above, it is to be understood
that identifying the target nucleic acid, protein or both in the
biological sample obtained from the subject, may be
employed to identify a subject having or being at risk for
developing a muscular myopathy, for example, but not lim-
ited to an X-linked muscular dystrophy or cardiomyopathy

By the terms “assaying the sample for a nucleic acid” it is
meant testing and/or characterizing the sample provided by
the subject for a nucleic acid that encodes a protein as defined
above and is meant to include without limitation hybridiza-
tion assays, nucleotide sequencing, nucleotide PCR includ-
ing, but not limited to RT-PCR, etc or any combination
thereof.

In a preferred embodiment of the method of screening as
defined above, X, is tryptophan. In a further embodiment,
which is not meant to be limiting, the protein is defined by
SEQ ID NO:2 or SEQ ID NO:3. Also, while the method of
screening may be practiced on a variety of subjects, prefer-
ably, the subject is a human subject.

The sample obtained from the subject may comprise any
tissue or biological fluid sample from which DNA or RNA
may be obtained. For example, but not wishing to be limiting,
DNA may be obtained from blood, hair follicle cells, skin
cells, cheek cells, tissue biopsy, or the like. In a preferred
embodiment, the sample is blood.

The present invention also contemplates screening meth-
ods which identify and/or characterize the proteins as defined
above within biological samples from subjects. Such samples
may or may not comprise DNA or RNA. For example, such
screening methods may employ immunological methods, for
example, but not limited to antibody binding assays such as
ELISAs or the like, protein sequencing, electrophoretic sepa-
rations to identify the proteins as described above in a sample.
As will be evident to a person of skill in the art, the screening
methods allow for the differentiation of the proteins as
defined herein from wild type proteins known in the art.

Kits

Also provided by the present invention is a kit comprising
one or more proteins or fragments thereof that is associated
with muscular myopathy, for example, but not limited to, a
muscular dystrophy or cardiomyopathy as described herein,
an antibody that selectively binds to a protein or fragment
thereof associated with muscular myopathy, dystrophy, or
cardiomyopathy as described herein, rather than a wild-type
protein not associated with muscular myopathy, dystrophy, or
cardiomyopathy, one or more nucleic acid primers to amplify
anucleotide sequence encoding a protein or fragment thereof
which comprises a mutation associated with an X-linked
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muscular myopathy, dystrophy or cardiomyopathy as
described herein, one or more nucleic acid probes of between
about 9 and 100 nucleotides that hybridizes to the nucleotide
sequence encoding a protein or fragment thereof which com-
prises a mutation or insertion associated with an X-linked
muscular myopathy, dystrophy or cardiomyopathy as
described herein, one or more reagents including, but not
limited to buffer(s), dATP, dTTP, dCTP, dGTP, DNA poly-
merase(s), instructions for assaying, diagnosing or determin-
ing the risk of a subject to a muscular myopathy, dystrophy, or
cardiomyopathy, instructions for using any component or
practicing any method as described herein, or any combina-
tion thereof.

In a further embodiment, which is not meant to be consid-
ered limiting in any manner, there is provided a method of
producing a non-human animal that comprises the protein as
defined herein and throughout, the method comprising,

transforming the non-human animal with a nucleotide con-
struct that encodes the protein as defined above, preferably in
the absence of the wild type FHL-1 protein, more preferably
in the absence of all isoforms of the FHL-1 protein. As human
subjects exhibit hypertrophy of specific muscles, the method
as defined above may be employed in animals, for example, in
beef, horses, poultry, swine or any other non-human animal to
produce animals that may exhibit increased muscle mass in
various body areas.

The present invention will be further illustrated in the fol-
lowing examples.

EXAMPLES
Example 1
Materials and Methods

Clinical Assessment

Probands are from a multigenerational Austrian family
displaying clinical features suggesting MD, but with clinical
differences from previously described muscular dystrophies
(FIG. 1). We identified living 6 patients (all males). Neuro-
logical examination was performed by a neurologist trained
in neuromuscular disorders (S.Q.). First-degree relatives
were examined when possible. Serum creatine kinase (CK)
levels were measured in all affected individuals and their
family members.

Myosin ATPase Staining

Standard histological protocols were employed to stain for
myosin ATPase at acidic pH 4.3/4.6 and assess the distribu-
tion of type I (slow twitch) and type II (fast twitch) muscle
fibre types. Procedures were performed on adductor, biceps,
deltoideus, erector, extensor, flexor, frontalis, gastrocnemius,
gluteus, latissimus, pectoralis, peronaeus, rectus, sartorius,
soleus, tibialis, triceps, vastus muscles, etc.

Muscle Immunocytochemistry

Standard immunocytochemistry protocols were utilized to
perform staining for dystrophin, adhalin, merosin, dysferlin,
caveolin, a-dystroglycan, emerin, lamin A/C, desmin, [3-slow
myosin heavy chain, spectrin, and a-sarcoglycan following
muscle biopsies of patient 50. Monoclonal antibodies were
obtained from Novocastra Laboratories [td. (Vision BioSys-
tems, U.K.) for spectrin (NCL-SPECT), dysferlin (NCL-
Hamlet), emerin (NCL-Emerin), and a-sarcoglycan (NCL-
a-SARC). Additional Novocastra antibodies were used for
dystrophin staining, specific to the dystrophin rod-like
domain (NCL-DYS1), C-terminus (NCL-DYS2), and N-ter-
minus (NCL-DYS3). Monoclonal antibodies were employed
for merosin (MAB 1922; Chemicon, Germany), caveolin
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(Caveolin3; Transduction Laboratories, BD Biosciences,
Europe), a-dystroglycan (KlonVIA4-1; Upstate Biotechnol-
ogy, Burope), lamin A/C (Mouse Hybridoma Supernatant),
desmin (M0760, Klon* D33; Dako, Europe), and myosin
(805-502-1.001, Lot 02279, Klon A4.951; Alexis Biochemi-
cals, Europe) staining procedures.

Exclusion of the DMD Locus

Genomic DNA was extracted from blood samples using
standard procedures. DNA was amplified by PCR with con-
ditions for thermal cycling adapted from the protocol set out
by ABI Prism® Linkage Mapping Set v2.5. Denaturation was
performed at 95° C. for 15 min, followed by 10 cycles of 94°
C. for 15 min, 55° C. for 15 sec, 72° C. for 30 sec. This was
followed by 20 cycles 0of 89° C. for 15 sec, 55° C. for 15 sec,
and 72° C. for 30 sec, with a final extension step of 72° C. for
10 min. Reaction mix consisted of 50 ng genomic DNA, 0.1
pumol of each primer, and HotStart Taq Master Mix (Qiagen,
Europe) in a reaction mix of 10 pL.. Linkage analysis to the
DMD locus was performed using standard techniques as will
be described under ‘Linkage analysis.” Five polymorphic
STR microsatellite markers surrounding the DMD gene,
STR-44 (DXS1238; 180-210 bp), STR-45 (DXS1237; 160-
185 bp), STR-48 (DXS997, 105-120 bp), STR-49
(DXS1236; 230-260 bp), and STR-50 (DXS1235; 230-260
bp), were selected for this purpose. Forward primers were
labelled at their 5' ends with either 5-carboxyfluorescein
(FAM) or NED fluorochromes. STR-44 (forward primer:
TCC AAC ATT GGA AAT CAC AIT TCA A (SEQ ID
NO:29); reverse primer: TCA TCA CAA ATA GAT GTT
TCA CAG (SEQ ID NO:30)), STR-45 (forward primer: GAG
GCT ATA ATT CTT TAA CTT TGG C (SEQ ID NO:31);
reverse primer: CTC TTT CCC TCT TTA TTC ATG TTA C
(SEQID NO:32)), STR-48 (forward primer: GCT GGC TTT
ATT TTA AGA GGA (SEQ ID NO:33); reverse primer: GGT
TTT CAG TTT CCT GGG TA (SEQ ID NO:34)), STR-49
(forward primer: CGT TTA CCA GCT CAAAAT CTCAAC
(SEQ ID NO:35); reverse primer: CAT ATG ATA CGATTC
GTG TTT TGC (SEQ ID NO:36)), and STR-50 (forward
primer: AAG GTT CCT CCA GTA ACA GAT TTG G (SEQ
1D NO:37); reverse primer: TAT GCT ACA TAG TAT GTC
CTC AGA C (SEQ ID NO:38)).

Genome-Wide SNP Analysis: Mapping of a New Locus to
Xq26-q27

A genome-wide 250 K Nspl Affymetrix SNP microarray
was performed on five affected cases (individuals 20, 29, 50,
11, and 45) and three unaffected relatives at the Microarray
Facility at The Centre for Applied Genomics (Toronto,
Canada). Capable of genotyping on average 250,000 SNPs,
the single nucleotide polymorphisms are separated by a
median physical distance of 2.5 Kb and an average distance of
5.8 Kb between SNPs (Affymetrix, Calif., USA). The average
heterozygosity of these SNPs is 0.30, with approximately
85% of'the human genome found within 10 Kb of a SNP. SNP
microarray gene chip data was subsequently analyzed using
dCHIP software.

Linkage Analysis

Multipoint X-recessive nonparametric linkage was com-
puted using easyLINKAGE plus v5.02. Allele frequencies
were considered equal. One cM was assumed to be equivalent
to 1 Mb.

Sequencing and Mutation Analysis of Candidate Genes
(MBNL3, VGLL1, FGF13)

The National Center for Biotechnology Information Entrez
Genome Map Viewer, Ensembl Human Genome Server and
GenBank databases were employed to locate known genes,
expressed-sequence tags and putative new genes that map to
Xq26-9q27. Exon-intron boundaries of the candidate
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sequences were determined by BLAST searches against the
human genome sequence database at the National Center for
Biotechnology Information. Intronic primers (primer
sequences available on request) were used to amplify all
exons of the functional candidate genes by PCR. PCR prod-
ucts were sequenced using the BigDye® Terminator 3.1
Cycle Sequencing Kit (Perkin-Elmer, Applied Biosystems).
Sequencing reactions were loaded on the ABI Prism® 3100
DNA Analyzer (Perkin-Elmer, Applied Biosystems) and gen-
erated data was collected using the ABI® DATA COLLEC-
TION version 1.1, and subsequently analyzed using the DNA
SEQUENCING ANALYSIS version 3.6 software. Sequenc-
ing and mutation analysis were performed at the Centre for
Addiction and Mental Health (Toronto, Canada).

Example 2

Identification and Characterization of a Novel
X-Linked Muscular Myopathy

This current study is the first to describe a family affected
by a mild X-linked MD that specifically features atrophy that
is limited mainly to type I muscle fibers in postural muscles.
This large multigenerational Austrian family originates from
the Czech republic, and six living affected members have
been ascertained and examined to date. Pedigree analysis
(FIG. 1) shows an X-linked pattern of inheritance. Clinical
assessment in all six patients as well as two now-deceased
patients from this family revealed a fairly uniform and char-
acteristic phenotype (See Table 1). All subjects appeared to
show an athletic stature (FIG. 2), however more detailed
examination revealed an almost selective atrophy and wasting
of postural muscles, while other muscles were hypertrophic.
Predominantly weak and atrophic muscles include the soleus,
peroneus longus, tibialis anterior, vastus medialis, erector
spinae, lower part of the latissimus dorsi, and abductor polli-
cis muscles. Additionally, all patients had significant contrac-
tures of the Achilles tendon and hamstrings, a short neck and
also a mechanically limited range of neck flexion and exten-
sion. Tendon reflexes, sensory examination and mental status
were normal. In all affected individuals scoliosis, back pain,
gait problems and elevated creatine kinase levels were noted.
The pseudo-athletic musculature is likely to be a compensa-
tory response to the atrophy of the postural muscles. Cases
were asymptomatic until the age of 30, and in six deceased
family members who had suffered from the disease there was
a wide range in age of death (45-72 years), typically from
heart failure but of unknown mechanism. It appears that fam-
ily members with more active lifestyles show less severe
phenotypes and slower progression of disease.

Muscle biopsies from affected individuals revealed dystro-
phic changes in postural muscles with variation in fiber sizes,
degeneration of muscle endurance type [ fibers, increased
fatty and connective tissue, and multinucleated sarcomeres
(FIG. 3). Immunocytochemical staining of biopsied muscle
tissue revealed no deficiencies of proteins associated with
either autosomal or X-linked forms of MD, including dystro-
phin and emerin. This is consistent with the clinical and
apparent epidemiological differences that distinguish and
typify this new type of MD. Myosin ATPase staining revealed
a gradual atrophy of high-oxidative, low-glycolytic, endur-
ance type | muscle fibers in postural muscles. While patients
in the early stages of the disease show a relatively normal
distribution of type I and type II fibers, as the disease
progresses there are decreased numbers oftype I fibers, which
appear atrophied (FIG. 4). Non-postural muscles, including,
among others, the gluteus medius, gluteus maximus, biceps
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brachii, triceps brachii, lower arms, latissimus dorsi, and
extensor muscles, appear normal with respect to muscle fiber
distribution and function (Table 2).

Three different antibodies were used to detect distinct
domains of the dystrophin protein. Staining was faint, but not
significantly different than unaffected individuals, suggesting
this family does not display a variant form of DMD or Beck-
er’s MD. Adhalin staining was performed, which excluded
autosomal-recessive limb-girdle MD 2C (LGMD2C),
LDMD2D, LGMD2E, and LGMD2F. Normal merosin stain-
ing excluded congenital MD. Staining for dysferlin and
caveolin allowed for exclusion of LGMD2B and LGMDI1C,
respectively. LGMD11 was excluded following a.-dystrogly-
can staining. The likelihood of this postural MD representing
a variant form of X-recessive EDMD was diminished follow-
ing normal emerin staining. LGMD2D (Duchenne-like auto-
somal-recessive MD) and spinocerebellar ataxia type 5
(SCAS) were excluded following a-sarcoglycan (LGMD2D)
and spectrin (SCAS) staining. Normal staining for lamin A/C,
desmin, and $-slow myosin heavy chain excluded autosomal-
dominant EDMD?2 and LGMDI1B (lamin A/C), desminopa-
thies (desmin), and distal myopathy MPD1 (myosin), respec-
tively. Myotonic dystrophy 2 (DM2) and proximal myotonic
myopathy (PROMM) were also suggested as possible caus-
ative factors, but molecular genetic analysis revealed no
mutations.

Immunocytochemical data and pedigree analysis sug-
gested that this family displays an unsevere myopathy with
multinucleated sarcomeres and a pattern of recessive X-chro-
mosome inheritance. To exclude the possibility that the phe-
notype in this family is a variant form of DMD or Becker’s
MD, we performed linkage analysis to the DMD locus using
five selected polymorphic STR microsatellite markers sur-
rounding the DMD gene; STR-44 (DXS1238), STR-45
(DXS1237), STR-48 (DXS997), STR-49 (DXS1236), and
STR-50 (DXS1235). Different haplotypes were revealed in
the affecteds across the DMD locus, excluding this locus as
the causative gene in this family. Recombination of the
intragenic markers STR-44, STR-48, STR-49 and STR-50
was evident (FIG. 5). Subsequent screening for mutations in
the DMD gene was conducted by sequencing cDNA proximal
to the area spanned by the intragenic markers, which ruled out
intragenic recombination. Genotypes for markers across the
X-chromosome were analyzed. Multipoint lod scores were
found to be significant for the Xq26-q27 region (lod>3),
giving further confirmation for exclusion of the DMD locus.
Multipoint lod scores revealed positive, non-significant
results for areas surrounding the candidate interval that was
later specified by SNP analysis (FIG. 5). A genome-wide SNP
genotype analysis was performed on the five affected indi-
viduals along with three unaffected family members at The
Centre for Applied Genomics (Toronto, Canada). A ~250K
Nspl Affymetrix SNP micorarray was used, and subsequent
analysis using dCHIP implicated a candidate region on Xq26-
q27, the candidate region encompasses approximately 850
consecutive SNPs.

Three candidate genes from the Xq26-q27 critical region
that encode structural proteins expressed in muscle were
screened. The muscleblind-like protein 3 (MBNL3), vesti-
gial-like 1 (VGLLI1) gene fibroblast growth factor 13
(FGF13) were all sequenced from genomic DNA, but no
coding mutations were identified.

Sequencing of the coding and S'UTR region of FHLI1
(NM__001449) resulted in a transversion at position 672 C to
G leading to the amino acid substitution C224W. This muta-
tion co-segregated with disease status within the family, all 6
affected subjects were hemizygous and all obligate carriers
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were heterozygous for the mutated allele. The mutation was
not detected in mixed Caucasian and Austrian control chro-
mosomes.

FHL1 is a member of LIM-only proteins, containing four
and a half LIM domains with a common consensus sequence
C-X2-C-X16-21-H-X2-C-X2-C-X2-C-X17-C-X2-C. LIM
only proteins are zinc-binding proteins that are known to be
play a role in cell signaling and transcriptional regulation. So
far, 5 FHL proteins have been identified: FHL.1-5 are known
to act as transcription regulators.

The C224W mutation replaces a highly conserved cysteine
of the fourth LIM domain of FHL1 which is one of the four
cysteines needed for the central binding of a zinc ion. Muta-
tions of conserved cysteines that are part involved in zinc
binding have been shown to have a highly deleterious effect
on the tertiary structure of the protein (Taira et al, 1994).
Furthermore, the C224W mutation also is located in the first
nuclear localization signal (NLS1) of the alternatively
expressed isoform FHL1b (SLIMMER), which might lead to
impaired FHL1b protein from shuttle between the cytoplasm
and the nucleus (Brown S et al; J Biol Chem. 1999 Sep. 17;
274(38):27083-91

FHL1 has at least 3 different isoforms (a, b and c), each
with different tissue specificities. The C224W mutation
affects FHL1 isoforms a (the most prevalent isoform) and b,
but not isoform ¢. Hence, mutations within different regions
of'the gene may affect specific isoforms, with other isoforms
unaffected, and thus may have different phenotypic conse-
quences. Furthermore, FHI.1 has a number of protein binding
partners that bind to different LIM domains within the pro-
tein, and thus a mutation affecting the conformation of one
LIM domain may have different phenotypic consequences to
a mutation affecting a different LIM domain.

In summary, we have identified the gene FHIL.1, and its
encoded protein, as responsible for a new form of muscular
myopathy, XMPMA. The phenotypic features described in
the Austrian family, in particular the specific atrophy of pos-
tural muscles and pseudo athleticism, may be specific for
mutations within the SRF and MyBPC1 (muscle fiber type
1-specific isoform) and ERK2 binding regions of FHLI1.
Mutations elsewhere in the gene may result in a much more
heterogeneous myopathic phenotype. This has considerable
implications for diagnostic evaluation, screening and genetic
counseling for patients (also carriers) with muscular or myo-
tonic dystrophy of unknown genetic cause, in particular
where the familial nature indicates X-linked inheritance and
where the Becker’s/Duchenne’s MD and Emery-Dreifuss
MD loci have been excluded, but also for sporadic cases.
Additional information concerning this example may be
obtained from Windpassinger et al., The American Journal of
Human Genetics 82, 88-99, January 2008 which is herein
incorporated by reference.

Example 3

UK Pedigrees (Families 2 and 3) Exhibiting
Muscular Myopathies

Four 4 male individuals in 3 consecutive generations pre-
sented with slowly progressive hip and arm weakness with
onset in the 3rd-4th decades. The index patient showed
prominent shoulder girdle and arm hypertrophy, with CK
levels elevated to 1300 U/1. Respiratory failure was reported
in two patients who died in their 50s. The UK family 2
pedigree is shown in FIG. 1B.

A third family, with a putative diagnosis of Becker muscu-
lar dystrophy was identified, where 6 females and 6 males,
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spread over 5 generations, were affected. The UK family 3
pedigree is shown in FIG. 1C. In male patients, age at onset
was in the late teens-3rd decade, and presenting clinical
symptoms were progressive limb-girdle weakness with
prominent scapular winging. Muscle hypertrophy was not a
prominent feature, while neck/cervical rigidity or weakness
and Achilles tendon contractures were reported in three
patients. CK levels were around 1500-2200 U/1. Two patients
were wheelchair bound from their 30s. Respiratory and heart
failure in the late 40s-50s were the causes of death in 2
patients. Female mutation carriers presented with a similar
but milder clinical picture with onset in the S5th decade or later
and CK levels only slightly elevated at 300 U/1. One female
patient died at the age of 88 years due to congestive heart
failure. The index patient presented with first symptoms of
hip flexor weakness (MRC 4) and elevated serum CK levels of
around 1300 U/1 at the age of 35 years. At that time he was
playing competitive football and showed a very athletic habi-
tus. Muscle hypertrophy was most prominent in his shoulder
girdle and arm muscles. Neck flexion was compromised by
spinal rigidity. His lung function showed a FVC of 4.61
(90%) in a sitting position and dropped to 4.01 (78%) in a
lying position. There were no additional clinical signs or
symptoms of an underlying skeletal muscle or heart disease.
Nerve conduction studies and an EMG were normal. A
muscle biopsy from the vastus lateralis showed type I fibre
atrophy, variation in fibre size, with some measuring up to
125 pm in diameter, and a few necrotic fibres. Immunohis-
tochemical and Western blot analysis for proteins of the dys-
trophin glycoprotein complex, emerin, dysferlin, caveolin
and calpain were normal. Mutation analysis of the genes for
dystrophin and emerin did not reveal any abnormalities. The
maternal grandfather of the index patient started to experi-
ence difficulties with walking at 42 years of age and used a
wheelchair for the last years ofhis life. He died of respiratory
failure at 52 with the 1abel of Becker muscular dystrophy. Two
nephews of the grandfather were also labeled with Becker
muscular dystrophy and experienced slowly progressive
muscle weakness in legs and arms from their early 40ies. One
of'them died in his 50’s of respiratory failure.

Data for the Index Patient, Family 2:

Age of onset: 35

CK: 1342 U/L

EMG: normal

Muscle MRI: N.D.

Athletic habitus in early stages: yes

Muscle biopsy: myopathic

Cardiac involvement: normal heart evaluation
Neck and Achilles tendons: short (AT)

The mutation ¢.381_382insATC  (leading to
p-Phel27_Thr128inslle) was identified in the index patients
of both families and segregates with the phenotype. The
F127_T128Insl mutation occurs within the second LIM
domain, and thus is present in all three isoforms of FHL1, a,
b and c. In conclusion, the data presented herein shows that
the same FHL.1 mutation may give rise to heterogeneous
phenotypes, with X-linked recessive or dominant inheritance.

Example 4

Study of Cardiomyopathies in the Austrian XMPMA
Family

Patients with the clinical diagnosis of XMPMA and their
immediate relatives were invited to participate in a study for
cardiovascular investigation of XMPMA. Standard 12 lead
ECGs were recorded in the recumbent position. The echocar-
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diographic studies were all performed by one operator using
a GE Vivid 7 scanner. Measurements were made according to
the standards of the American Society of Echocardiography
and analyses were performed using the software programs of
the scanner. The doppler variables measured were the peak
aortic and LVOT velocities, and transmitral flow for assessing
the diastoly. Strain and strain rate measurements were
obtained by the non-Doppler 2D strain imaging technique as
well as with TDI technique. Genomic DNA and serum profile
(enzymes) were extracted from blood samples with standard
procedures. Also used were: Magnet Resonance Imaging;
Intracardiac catheter with biopsy of the left ventricle; Tread-
mill testing; ECG Holter monitoring.

The most common abnormality was T-wave inversion in
V4-V6 and other ST-T wave changes, partly signs of left
ventricular hypertrophy. All affected family members had
pathological treadmill tests with ST wave changes and
arrhythmia with extrasystoles (whereas Holter ECG has not
been done yet). Left ventricular hypertrophy with thickening
confined to the apex as well as involvement of the right
ventricle was present in all affected family members. The left
ventricle was normal in size with normal systolic but
impaired diastolic function. No abnormalities of the mitral
valve and its supporting structures were seen, and no LVOT
gradient. All affected patients had a dilated left atrium and
increased left atrial volume. Tissue velocities, strain rate and
strain are also reduced. All affected male members had
elevated levels of serum creatinine kinase, CK-MB, LDH,
NT-pro BNP, Trop T and liver enzymes. Without wishing to
be limiting in any manner, important clinical findings
included symptoms from Dyspnoe New York Heart associa-
tion class II.

All citations are hereby incorporated by reference.

The present invention has been described with regard to
one or more embodiments. However, it will be apparent to
persons skilled in the art that a number of variations and
modifications can be made without departing from the scope
of the invention as defined in the claims.
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Clinical evaluations for members of the XMPMA family from Austria, including
electromyogram, NCV, muscle MRI, histological examination of biopsied tissue,
and involvement of heart, and of tendons in neck and Achilles heel.

Neck
Athletic and

Patients Age of NCV Muscle habitus  Muscle Heart Achilles

D onset CKlevel EMG studies MRI atonset biopsie affection tendon

SK060666 26 620 myopathic normal Nd yes nd ?

FM240432 30 500-900 myopathic normal Nd yes myopathic Cardio short
myopathy with
arrhythmia

AJ020657 32 620 normal  Selective  yes myopathic Dialtativ cardio short

muscle myopathy
atrophie, hypertrophic
bent
spine
AA030554 32 400-1774 myopathic normal Selectiv yes myopathic Normal heart short
muscle evaluation
atrophy,
bent
spine
AF061160 30 780 myopathic normal — yes nd Unkown short
MF250358 30 700 myopathic normal Selective yes myopathic Hypertrophic short
muscle cardiomyopathy
atrophy
bent
spine

MW211168 31 550 myopathic normal Nd unkown myopathic Hypertrophic short
cardiomyopathy

BJ180830 30 800-1200 myopathic normal -nd yes myopathic Respiratory short
failure

TABLE 2

Type I and type II muscle fibre distribution in several muscles in a patient in
progressed stages of disease. Muscles represented in bold display
significantly high portion of type I muscle fibres. There is a pronounced
decrease in the proportion of type I muscle fibres in postural muscles;
adductor magnus, biceps femoris, deltoideus, peronaeus longus, soleus,
tibialis anterior, and vastus medialis muscles showed gradual atrophy of
type I slow-twitch muscle fibres, whereas many muscles with a high
percentage of fiber type IT show mild to pronounced hypertrophy.

Average muscle fiber composition

Muscle TypI  TypIl atrophic hypertrophic normal
Abductor digiti minimi 51.8 48.2 X
Abductor pollicis brevis 63.0 37.0 X
Abductor hallucis X
Adductor magnus (surface) 53.5 46.5

Adductor magnus (deep) 63.3 36.7 X

Adductor pollicis 80.4 19.6 ?
Biceps brachii (surface) 42.3 57.7 X

Biceps brachii (Deep) 50.5 49.5 X

Biceps fernoris 66.9 33.1 X

Brachioradialis 39.8 60.2 X
Deltoideus (Surface) 53.3 46.7 X

Deltoideus (Deep) 61.0 39.0 X

I dorsal interosseus 57.4 42.6 X
Erector spinae (Surface) 58.4 41.6 X

Erector spinae (Deep) 54.9 45.1 X

Extensor digitorum 47.3 52.7 X

Extensor digitorum brevis 45.3 54.7 X X
Flexor digitorum brevis 44.5 55.5 X

Flexor digitorum profundus 47.3 52.7 X

Frontalis 64.1 35.9 ?
Gastrocnemius (lat. head. Surface) 43.5 56.5 X

Gastrocnemius (lat. head. Deep) 50.3 49.7 X

Gastrocnemius (medial head) 50.8 49.2 X

Gluteus medius X
Gluteus maximus 52.4 47.6 X
Iliopsoas 49.2 50.8 ?
Iliocostalis X

Interspinales cervicis X
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Type I and type II muscle fibre distribution in several muscles in a patient in
progressed stages of disease. Muscles represented in bold display
significantly high portion of type I muscle fibres. There is a pronounced
decrease in the proportion of type I muscle fibres in postural muscles;
adductor magnus, biceps femoris, deltoideus, peronaeus longus, soleus,
tibialis anterior, and vastus medialis muscles showed gradual atrophy of
type I slow-twitch muscle fibres, whereas many muscles with a high
percentage of fiber type II show mild to pronounced hypertrophy.

Average muscle fiber composition

Muscle TypI  TypIl atrophic hypertrophic normal
Infraspinatus 45.3 54.7 X

Longus capitis X
Longus colli X
Longisimus dorsi X

Latissimus dorsi 50.5 49.5 X
multifidus X

Orbicularis oculi 15.4 84.6 X
Obliqus capitis X

Pectoralis major (clavic. head) 42.3 57.7 ?
Pectoralis major (sternal head) 43.1 56.9 ?
Peronaeus longus 62.5 375 X

Psoas X
Rectus abdominis 46.1 53.9 X

Rectus femoris (lat. head. Surface) 29.5 10.5 X
Rectus femoris (lat. head. Deep) 42.0 58.0 X
Rectus femoris (medial head) 42.8 57.2 X
Rhomboideus 44.6 55.4 X X
Sartorius 49.6 50.4

Semimembranosus X

semispinalis X

Soleus (Surface) 86.4 13.6 X

Soleus (Deep) 89.0 11.0 X

Splenius X
Sternocleidomastoideus 35.2 64.8 X X
Supraspinatus 59.3 40.7 X

Temporalis 46.5 53.5 X
Tibialis anterior (Surface) 73.4 26.6 X

Tibialis anterior (Deep) 729 273 X

Trapezius 53.7 46.2 X X
Transversus occipitalis

Triceps surae X

Triceps (Surface) 325 67.5 X

Triceps (Deep) 32.7 67.3 X

Vastus lateralis (Surface) 37.8 62.2 X

Vastus lateralis (Deep) 46.9 53.1 X

Vastus medialis (surface) 43.7 56.3 X
Vastus medialis (Deep) 61.5 38.5 X

JOHNSON et al. (1973).

<160> NUMBER OF SEQ ID NOS:

<210> SEQ ID NO 1
<211> LENGTH: 230
<212> TYPE: PRT

41

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (224)..(224)
<223> OTHER INFORMATION: Xaa can be any naturally occurring

<400> SEQUENCE: 1

SEQUENCE LISTING

Met Ala Glu Lys Phe Asp Cys His Tyr Cys Arg Asp Pro Leu Gln

1 5

10 15

Lys Lys Tyr Val Gln Lys Asp Gly His His Cys Cys Leu Lys Cys

20

25 30

Asp Lys Phe Cys Ala Asn Thr Cys Val Glu Cys Arg Lys Pro Ile

35

40

45

amino acid

Gly

Phe

Gly
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-continued

24

Ala Asp Ser Lys Glu Val His Tyr
Cys Phe Arg Cys Ala Lys Cys Leu
65 70

Val Ala Lys Asp Asn Lys Ile Leu
85

Asp Ser Pro Lys Cys Lys Gly Cys
100

Gln Asn Val Glu Tyr Lys Gly Thr
115 120

Cys Ser Asn Cys Lys Gln Val Ile
130 135

Gly Glu Asp Phe Tyr Cys Val Thr
145 150

His Cys Val Lys Cys Asn Lys Ala
165

Gln Asp Gln Pro Trp His Ala Asp
180

Lys Lys Leu Ala Gly Gln Arg Phe
195 200

Cys Val Asp Cys Tyr Lys Asn Phe
210 215

Lys Asn Pro Ile Thr Gly
225 230

<210> SEQ ID NO 2

<211> LENGTH: 280

<212> TYPE: PRT

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 2

Met Ala Glu Lys Phe Asp Cys His
1 5

Lys Lys Tyr Val Gln Lys Asp Gly
Asp Lys Phe Cys Ala Asn Thr Cys
35 40

Ala Asp Ser Lys Glu Val His Tyr
50 55

Cys Phe Arg Cys Ala Lys Cys Leu
65 70

Val Ala Lys Asp Asn Lys Ile Leu
85

Asp Ser Pro Lys Cys Lys Gly Cys
100

Gln Asn Val Glu Tyr Lys Gly Thr
115 120

Cys Ser Asn Cys Lys Gln Val Ile
130 135

Gly Glu Asp Phe Tyr Cys Val Thr
145 150

His Cys Val Lys Cys Asn Lys Ala
165

Gln Asp Gln Pro Trp His Ala Asp

Lys

His

Cys

Phe

105

Val

Gly

Cys

Ile

Cys

185

Thr

Val

Tyr

His

Val

Lys

His

Cys

Phe

105

Val

Gly

Cys

Ile

Cys

Asn

Pro

Asn

90

Lys

Trp

Thr

His

Thr

170

Phe

Ala

Ala

Cys

10

His

Glu

Asn

Pro

Asn

90

Lys

Trp

Thr

His

Thr
170

Phe

Arg

Leu

75

Lys

Ala

His

Gly

Glu

155

Ser

Val

Val

Lys

Arg

Cys

Cys

Arg

Leu

75

Lys

Ala

His

Gly

Glu
155

Ser

Val

Phe

60

Ala

Cys

Ile

Lys

Ser

140

Thr

Gly

Cys

Glu

Lys
220

Asp

Cys

Arg

Phe

60

Ala

Cys

Ile

Lys

Ser
140
Thr

Gly

Cys

Trp

Asn

Thr

Val

Asp

125

Phe

Lys

Gly

Val

Asp

205

Cys

Pro

Leu

Lys

45

Trp

Asn

Thr

Val

Asp

125

Phe

Lys

Gly

Val

His

Glu

Thr

Ala

110

Cys

Phe

Phe

Ile

Thr

190

Gln

Ala

Leu

Lys

30

Pro

His

Glu

Thr

Ala

110

Cys

Phe

Phe

Ile

Thr

Asp

Thr

Arg

95

Gly

Phe

Pro

Ala

Thr

175

Cys

Tyr

Gly

Gln

15

Cys

Ile

Asp

Thr

Arg

95

Gly

Phe

Pro

Ala

Thr
175

Cys

Thr

Phe

80

Glu

Asp

Thr

Lys

Lys

160

Tyr

Ser

Tyr

Xaa

Gly

Phe

Gly

Thr

Phe

80

Glu

Asp

Thr

Lys

Lys

160

Tyr

Ser
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-continued

26

Lys

Cys

Lys

225

Glu

Cys

180

Lys Leu Ala Gly Gln Arg Phe
195 200

Val Asp Cys Tyr Lys Asn Phe
210 215

Asn Pro Ile Thr Gly Phe Gly
230

Gly Gln Ser Trp His Asp Tyr
245

Asn Leu Ala Asn Lys Arg Phe
260

Pro Asp Cys Ala Lys Lys Leu
275 280

<210> SEQ ID NO 3

<211> LENGTH: 323

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 3

Met

1

Lys

Asp

Ala

Cys

65

Asp

Gln

Cys

Gly

145

Gln

Lys

Cys

Lys
225

Ala Glu Lys Phe Asp Cys His
5

Lys Tyr Val Gln Lys Asp Gly
20

Lys Phe Cys Ala Asn Thr Cys
35 40

Asp Ser Lys Glu Val His Tyr
50 55

Phe Arg Cys Ala Lys Cys Leu
70

Ala Lys Asp Asn Lys Ile Leu
85

Ser Pro Lys Cys Lys Gly Cys
100

Asn Val Glu Tyr Lys Gly Thr
115 120

Ser Asn Cys Lys Gln Val Ile
130 135

Glu Asp Phe Tyr Cys Val Thr
150

Cys Val Lys Cys Asn Lys Ala
165

Asp Gln Pro Trp His Ala Asp
180

Lys Leu Ala Gly Gln Arg Phe
195 200

Val Asp Cys Tyr Lys Asn Phe
210 215

Asn Pro Ile Thr Gly Lys Arg
230

Ser Lys Ala Arg Lys Pro Pro
245

Thr Leu Phe Pro Ser Ala Asn
260

185

Thr

Val

Lys

Cys

Val
265

Tyr

His

25

Val

Lys

His

Cys

Phe

105

Val

Gly

Cys

Ile

Cys

185

Thr

Val

Thr

Val

Leu
265

Ala

Ala

Gly

Phe

250

Phe

Cys

10

His

Glu

Asn

Pro

Asn

90

Lys

Trp

Thr

His

Thr

170

Phe

Ala

Ala

Val

Cys

250

Arg

Val

Lys

Ser

235

His

His

Arg

Cys

Cys

Arg

Leu

75

Lys

Ala

His

Gly

Glu

155

Ser

Val

Val

Lys

Ser

235

His

Gly

Glu

Lys

220

Ser

Cys

Gln

Asp

Cys

Arg

Phe

60

Ala

Cys

Ile

Lys

Ser

140

Thr

Gly

Cys

Glu

Lys
220
Arg

Gly

Arg

Asp

205

Cys

Val

Lys

Glu

Pro

Leu

Lys

45

Trp

Asn

Thr

Val

Asp

125

Phe

Lys

Gly

Val

Asp

205

Cys

Val

Lys

His

190

Gln

Ala

Val

Lys

Gln
270

Leu

Lys

30

Pro

His

Glu

Thr

Ala

110

Cys

Phe

Phe

Ile

Thr

190

Gln

Ala

Ser

Arg

Pro
270

Tyr

Gly

Ala

Cys

255

Val

Gln

15

Cys

Ile

Asp

Thr

Arg

95

Gly

Phe

Pro

Ala

Thr

175

Cys

Tyr

Gly

Arg

Leu
255

Gly

Tyr

Trp

Tyr

240

Ser

Tyr

Gly

Phe

Gly

Thr

Phe

80

Glu

Asp

Thr

Lys

Lys

160

Tyr

Ser

Tyr

Trp

Pro
240

Pro

Gly
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27

-continued

28

Glu Arg Thr
275

Ser Leu Ala
290

Trp Pro Met
305

Asn Ala Pro
<210> SEQ I

<211> LENGT.
<212> TYPE:

Cys Pro Ser Trp Val Val Val Leu Tyr Arg Lys Asn Arg

280 285

Ala Pro Arg Gly Pro Gly Leu Val Lys Ala Pro Val Trp

295 300

Lys Asp Asn Pro Gly Thr Thr Thr Ala Ser Thr Ala Lys
310 315 320

D NO 4
H: 13
PRT

<213> ORGANISM: homo sapiens
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCAT

ION: (6) ..

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCAT

<400> SEQUE:

1

<210> SEQ I
<211> LENGT.
<212> TYPE:

ION: (8)..

NCE: 4

D NO 5
H: 2398
DNA

(6)
<223> OTHER INFORMATION: Xaa can be

(9)
<223> OTHER INFORMATION: Xaa can be

Val Ala Lys Lys Cys Xaa Gly Xaa Xaa Asn Pro Ile Thr
5

10

<213> ORGANISM: homo sapiens

<220> FEATU

RE:

<221> NAME/KEY: misc_feature

<222> LOCAT

ION: (880).

. (880)

<223> OTHER INFORMATION: n is a nucleotide that results in C224W
mutation associated with X-linked muscular myopathy

<400> SEQUENCE: 5

¢ggaggggge

agcggeegec

ttgttttcaa

aggtcectee

ggatcecetty

ctttgacaag

caaggaggtg

ccttcecacccee

gtgcaccact

agatcaaaac

ctgcaagcaa

gacttgccat

tggaggaatc

ctctaagaag

ttgctacaag

tggtaaaggc

ctgcaaaaaa

gtattgtcce

tcagtccgea

gecgecgaga

ccatatccag

agctacaagg

caggggaaga

ttctgtgeca

cactataaga

ttggccaatg

cgggaggact

gtggagtaca

gtcatcggga

gagaccaagt

acttaccagg

ctggctgggc

aactttgtgg

tccagtgtygg

tgctcegtga

gactgtgcca

gecgeegecg ccaccgecge gecteggect cggtgcagge

cagctgegeg ggcgagcate cccacgcagce accttggaag

cctttgecga atacatccta tetgecacac atccagegtyg

tgggcaccat ggcggagaag tttgactgec actactgeag

agtatgtgca aaaggatggce caccactget gectgaaatg

acacctgtgt ggaatgccge aagcccateyg gtgeggacte

accgcttetyg gecatgacace tgcttecget gtgecaagtyg

agacctttgt ggccaaggac aacaagatcc tgtgcaacaa

ccceccaagty caaggggtge ttcaaggeca ttgtggeagg

aggggaccgt ctggcacaaa gactgcttca cctgtagtaa

ctggaagett cttccctaaa ggggaggact tctactgegt

ttgccaagca ttgcgtgaag tgcaacaagyg ccatcacatc

atcagccctyg gcatgecgat tgetttgtgt gtgttacctg

agcgtttcac cgctgtggag gaccagtatt actgegtgga

ccaagaagtyg tgctggatgn aagaacccca tcactgggtt

tggcctatga aggacaatcce tggcacgact actgettcca

atctggccaa caagcgettt gttttecace aggagcaagt

aaaagctgta aactgacagg ggctectgte ctgtaaaatg

any naturally occurring amino acid

any naturally occurring amino acid

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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29

-continued

gcatttgaat ctcgttcttt gtgtceccttac tttctgcceet ataccatcaa taggggaaga 1140

gtggtcctte ccttetttaa agttctectt cecgtetttte tceccatttta cagtattact 1200

caaataaggg cacacagtga tcatattagc atttagcaaa aagcaaccct gcagcaaagt 1260

gaatttctgt ccggctgcaa tttaaaaatg aaaacttagg tagattgact cttcectgcatg 1320

tttctcatag agcagaaaag tgctaatcat ttagccactt agtgatgtaa gcaagaagca 1380

taggagataa aacccccact gagatgcctce tcatgcctca gectgggacce accgtgtaga 1440

cacacgacat gcaagagttg cagcggctgce tccaactcac tgctcaccct cttetgtgag 1500

caggaaaaga accctactga catgcatggt ttaacttcecct catcagaact ctgcccttcee 1560

ttectgttett ttgtgctttc aaataactaa cacgaacttc cagaaaatta acatttgaac 1620

ttagctgtaa ttctaaactg acctttccce gtactaacgt ttggtttcce cgtgtggcat 1680

gttttctgag cgttcectact ttaaagcatg gaacatgcag gtgatttggg aagtgtagaa 1740

agacctgaga aaacgagcct gtttcagagg aacatcgtca caacgaatac ttctggaagc 1800

ttaacaaaac taaccctgct gteccttttta ttgtttttaa ttaatatttt tgttttaatt 1860

gatagcaaaa tagtttatgg gtttggaaac ttgcatgaaa atattttagc cccctcagat 1920

gttcctgcag tgctgaaatt catcctacgg aagtaaccgc aaaactctag agggggagtt 1980

gagcaggcgce cagggctgtce atcaacatgg atatgacatt tcacaacagt gactagttga 2040

atcccttgta acgtagtagt tgtctgctct ttgtccatgt gttaatgagg actgcaaagt 2100

ccettetgtt gtgattcecta ggacttttcee tcaagaggaa atctggattt ccacctaccg 2160

cttacctgaa atgcaggatc acctacttac tgtattctac attattatat gacatagtat 2220

aatgagacaa tatcaaaagt aaacatgtaa tgacaataca tactaacatt cttgtaggag 2280

tggttagaga agctgatgcc tcatttctac attctgtcat tagctattat catctaacgt 2340

ttcagtgtat ccttacagaa ataaagcagc atatgaaaaa aaaaaaaaaa aaaaaaaa 2398

<210>

SEQ ID NO 6

<211> LENGTH: 1096

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (725)..(725)

<223> OTHER INFORMATION: n is a nucleotide that results in C224W
mutation associated with X-linked muscular myopathy

<400> SEQUENCE: 6

tcctatetge cacacatcca gegtgaggte cctecageta caaggtggge accatggegg 60

agaagtttga ctgccactac tgcagggatce ccttgcaggg gaagaagtat gtgcaaaagg 120

atggccacca ctgctgectg aaatgetttg acaagttetg tgccaacace tgtgtggaat 180

gecgcaagee catcggtgeg gactccaagyg aggtgcacta taagaaccge ttetggeatg 240

acacctgett cecgetgtgee aagtgectte accecttgge caatgagace tttgtggeca 300

aggacaacaa gatcctgtge aacaagtgca ccactcggga ggactccece aagtgcaagg 360

ggtgcttcaa ggccattgtg gcaggagatc aaaacgtgga gtacaagggyg accgtctgge 420

acaaagactyg cttcacctgt agtaactgca agcaagtcat cgggactgga agcttcttece 480

ctaaagggga ggacttctac tgecgtgactt gecatgagac caagtttgece aagcattgeg 540

tgaagtgcaa caaggccatc acatctggag gaatcactta ccaggatcag ccctggcatg 600

ccgattgett tgtgtgtgtt acctgeteta agaagetgge tgggcagegt ttcaccgetg 660
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-continued
tggaggacca gtattactgc gtggattgcet acaagaactt tgtggccaag aagtgtgctg 720
gatgnaagaa ccccatcact gggaaaagga ctgtgtcaag agtgagccgce ccagtctcta 780
aagctaggaa gcccccagtg tgccacggga aacgettgece tctcacccetyg ttteccageg 840
ccaaccteeg gggcaggcat ccgggtggag agaggacttyg tceectegtgyg gtggtggtte 900
tttatagaaa aaatcgaagc ttagcagctce ctegtggece gggtttggta aaggctccag 960
tgtggtggcce tatgaaggac aatcctggca cgactactge ttccactgca aaaaatgctce 1020
cgtgaatctg gccaacaagce getttgtttt ccaccaggag caagtgtatt gtcccgactg 1080
tgccaaaaag ctgtaa 1096
<210> SEQ ID NO 7
<211> LENGTH: 2398
<212> TYPE: DNA
<213> ORGANISM: homo sapiens
<400> SEQUENCE: 7
cggaggggge tcagtcecgca gecgecgecg ceaccgecge gecteggect cggtgecagge 60
agcggecgee gecgecgaga cagctgegeg ggcgagcate cccacgcage accttggaag 120
ttgttttcaa ccatatccag cctttgecga atacatccta tcetgccacac atccagegtyg 180
aggtccctece agctacaagg tgggcaccat ggcggagaag tttgactgec actactgcag 240
ggatcccettyg caggggaaga agtatgtgca aaaggatggce caccactgcet gectgaaatg 300
ctttgacaag ttctgtgcca acacctgtgt ggaatgcege aagcccatcyg gtgcggacte 360
caaggaggtg cactataaga accgcttctg geatgacacce tgcttcceget gtgecaagtg 420
cctteaccee ttggecaatg agacctttgt ggccaaggac aacaagatcce tgtgcaacaa 480
gtgcaccact cgggaggact cccccaagtg caaggggtge ttcaaggceca ttgtggcagyg 540
agatcaaaac gtggagtaca aggggaccgt ctggcacaaa gactgcttca cctgtagtaa 600
ctgcaagcaa gtcatcggga ctggaagett cttcecctaaa ggggaggact tctactgegt 660
gacttgccat gagaccaagt ttgccaagca ttgcgtgaag tgcaacaagg ccatcacatce 720
tggaggaatc acttaccagg atcagcecctg geatgccgat tgetttgtgt gtgttacctg 780
ctctaagaag ctggetggge agegtttcac cgetgtggag gaccagtatt actgegtgga 840
ttgctacaag aactttgtgg ccaagaagtg tgctggatge aagaacccca tcactgggtt 900
tggtaaaggc tccagtgtgg tggcctatga aggacaatce tggcacgact actgcttcca 960
ctgcaaaaaa tgctccgtga atctggccaa caagcgcettt gttttccacce aggagcaagt 1020
gtattgtccc gactgtgcca aaaagctgta aactgacagg ggctcctgtce ctgtaaaatg 1080
gcatttgaat ctcgttcttt gtgtceccttac tttctgcceet ataccatcaa taggggaaga 1140
gtggtcctte ccttetttaa agttctectt cecgtetttte tceccatttta cagtattact 1200
caaataaggg cacacagtga tcatattagc atttagcaaa aagcaaccct gcagcaaagt 1260
gaatttctgt ccggctgcaa tttaaaaatg aaaacttagg tagattgact cttcectgcatg 1320
tttctcatag agcagaaaag tgctaatcat ttagccactt agtgatgtaa gcaagaagca 1380
taggagataa aacccccact gagatgcctce tcatgcctca gectgggacce accgtgtaga 1440
cacacgacat gcaagagttg cagcggctgce tccaactcac tgctcaccct cttetgtgag 1500
caggaaaaga accctactga catgcatggt ttaacttcecct catcagaact ctgcccttcee 1560
ttectgttett ttgtgctttc aaataactaa cacgaacttc cagaaaatta acatttgaac 1620
ttagctgtaa ttctaaactg acctttccce gtactaacgt ttggtttcce cgtgtggcat 1680
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-continued
gttttctgag cgttcectact ttaaagcatg gaacatgcag gtgatttggg aagtgtagaa 1740
agacctgaga aaacgagcct gtttcagagg aacatcgtca caacgaatac ttctggaagc 1800
ttaacaaaac taaccctgct gteccttttta ttgtttttaa ttaatatttt tgttttaatt 1860
gatagcaaaa tagtttatgg gtttggaaac ttgcatgaaa atattttagc cccctcagat 1920
gttcctgcag tgctgaaatt catcctacgg aagtaaccgc aaaactctag agggggagtt 1980
gagcaggcgce cagggctgtce atcaacatgg atatgacatt tcacaacagt gactagttga 2040
atcccttgta acgtagtagt tgtctgctct ttgtccatgt gttaatgagg actgcaaagt 2100
ccettetgtt gtgattcecta ggacttttcee tcaagaggaa atctggattt ccacctaccg 2160
cttacctgaa atgcaggatc acctacttac tgtattctac attattatat gacatagtat 2220
aatgagacaa tatcaaaagt aaacatgtaa tgacaataca tactaacatt cttgtaggag 2280
tggttagaga agctgatgcc tcatttctac attctgtcat tagctattat catctaacgt 2340
ttcagtgtat ccttacagaa ataaagcagc atatgaaaaa aaaaaaaaaa aaaaaaaa 2398

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 8
H: 280
PRT

ISM: homo sapiens

<400> SEQUENCE: 8

Met Ala Glu
1

Lys Lys Tyr
Asp Lys Phe
35

Ala Asp Ser
50

Cys Phe Arg
65

Val Ala Lys

Asp Ser Pro

Gln Asn Val
115

Cys Ser Asn
130

Gly Glu Asp
145

His Cys Val

Gln Asp Gln

Lys Lys Leu

195

Cys Val Asp
210

Lys Asn Pro
225

Glu Gly Gln

Lys Phe Asp Cys His

Val Gln Lys Asp Gly

Cys Ala Asn Thr Cys

40

Lys Glu Val His Tyr

55

Cys Ala Lys Cys Leu

70

Asp Asn Lys Ile Leu

85

Lys Cys Lys Gly Cys

100

Glu Tyr Lys Gly Thr

120

Cys Lys Gln Val Ile

135

Phe Tyr Cys Val Thr
150

Lys Cys Asn Lys Ala

165

Pro Trp His Ala Asp

180

Ala Gly Gln Arg Phe

200

Cys Tyr Lys Asn Phe

215

Ile Thr Gly Phe Gly
230

Ser Trp His Asp Tyr

Tyr

His

Val

Lys

His

Cys

Phe

105

Val

Gly

Cys

Ile

Cys

185

Thr

Val

Lys

Cys

Cys

10

His

Glu

Asn

Pro

Asn

90

Lys

Trp

Thr

His

Thr

170

Phe

Ala

Ala

Gly

Phe

Arg

Cys

Cys

Arg

Leu

75

Lys

Ala

His

Gly

Glu

155

Ser

Val

Val

Lys

Ser
235

His

Asp Pro Leu
Cys Leu Lys
30

Arg Lys Pro
45

Phe Trp His
60

Ala Asn Glu

Cys Thr Thr

Ile Val Ala
110

Lys Asp Cys
125

Ser Phe Phe
140

Thr Lys Phe

Gly Gly Ile

Cys Val Thr
190

Glu Asp Gln
205

Lys Cys Ala
220

Ser Val Val

Cys Lys Lys

Gln Gly

15

Cys Phe

Ile Gly

Asp Thr

Thr Phe

80

Arg Glu

Gly Asp

Phe Thr

Pro Lys

Ala Lys

160

Thr Tyr
175

Cys Ser

Tyr Tyr

Gly Cys

Ala Tyr

240

Cys Ser
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36

245

250

255

Val Asn Leu Ala Asn Lys Arg Phe Val Phe His Gln Glu Gln Val Tyr

260

Cys Pro Asp Cys Ala Lys Lys Leu

275

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 9
H: 1096
DNA

280

<213> ORGANISM: homo sapiens

<400> SEQUE:
tcectatetge
agaagtttga
atggccacca
gecgcaagece
acacctgett
aggacaacaa
ggtgcttcaa
acaaagactg
ctaaagggga
tgaagtgcaa
ccgattgett
tggaggacca
gatgcaagaa
aagctaggaa
ccaaccteeg
tttatagaaa
tgtggtggec
cgtgaatctyg
tgccaaaaag
<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN
<400> SEQUE:

Met Ala Glu
1

Lys Lys Tyr
Asp Lys Phe
35

Ala Asp Ser
50

Cys Phe Arg
65

NCE: 9

cacacatcca

ctgccactac

ctgetgectyg

catcggtgeg

cegetgtgee

gatcctgtge

ggccattgty

cttcacctgt

ggacttctac

caaggccatce

tgtgtgtgtt

gtattactge

ccccatcact

gecceccagty

gggcaggcat

aaatcgaagc

tatgaaggac

gccaacaage

ctgtaa

D NO 10

H: 323
PRT

gegtgaggte
tgcagggatc
aaatgctttg
gactccaagg
aagtgectte
aacaagtgca
gcaggagatce
agtaactgca
tgcgtgactt
acatctggag
acctgeteta
gtggattgcet
gggaaaagga
tgccacggga
cecgggtggag
ttagcagetce
aatcctggea

getttgtttt

ISM: homo sapiens

NCE: 10

Lys Phe Asp Cys His

Val Gln Lys Asp Gly

20

Cys Ala Asn Thr Cys

40

Lys Glu Val His Tyr

55

Cys Ala Lys Cys Leu

70

Asp Asn Lys Ile Leu

85

265

cctecageta

ccttgcaggy

acaagttctg

aggtgcacta

acceccttgge

ccacteggga

aaaacgtgga

agcaagtcat

gccatgagac

gaatcactta

agaagctgge

acaagaactt

ctgtgtcaag

aacgcttgee

agaggacttg

ctegtggece

cgactactge

ccaccaggag

Tyr

His

25

Val

Lys

His

Cys

Cys

10

His

Glu

Asn

Pro

Asn
90

Arg

Cys

Cys

Arg

Leu

75

Lys

270

caaggtggge
gaagaagtat
tgccaacacc
taagaaccge
caatgagacc
ggactcccce
gtacaagggyg

cgggactgga

caagtttgee
ccaggatcag
tgggcagegt
tgtggccaag
agtgagccege
tctecacccety
tcecectegtyy
gggtttggta
ttccactgeca

caagtgtatt

Asp Pro Leu

Cys Leu Lys
30

Arg Lys Pro
45

Phe Trp His
60

Ala Asn Glu

Cys Thr Thr

accatggegyg
gtgcaaaagg
tgtgtggaat
ttctggcatyg
tttgtggceca
aagtgcaagg
accgtetgge
agcttettee
aagcattgeg
ccctggeatyg
ttcaccgety
aagtgtgcetyg
ccagtctceta
tttecccagey
gtggtggttce
aaggctccag
aaaaatgctce

gtcecgactg

Gln Gly
15

Cys Phe

Ile Gly

Asp Thr

Thr Phe

80

Arg Glu
95

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1096
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38

Asp Ser Pro
Gln Asn Val
115

Cys Ser Asn
130

Gly Glu Asp
145

His Cys Val

Gln Asp Gln

Lys Lys Leu

195

Cys Val Asp
210

Lys Asn Pro
225

Leu Thr Leu
Glu Arg Thr
275

Ser Leu Ala
290

Trp Pro Met
305

Asn Ala Pro
<210> SEQ I

<211> LENGT.
<212> TYPE:

Lys Cys Lys Gly Cys

100

Glu Tyr Lys Gly Thr

120

Cys Lys Gln Val Ile

135

Phe Tyr Cys Val Thr
150

Lys Cys Asn Lys Ala

165

Pro Trp His Ala Asp

180

Ala Gly Gln Arg Phe

200

Cys Tyr Lys Asn Phe

215

Ile Thr Gly Lys Arg
230

Ala Arg Lys Pro Pro

245

Phe Pro Ser Ala Asn

260

Cys Pro Ser Trp Val

280

Ala Pro Arg Gly Pro

295

Lys Asp Asn Pro Gly
310

D NO 11
H: 585
DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 11

atggcggaga

caaaaggatg

gtggaatgce

tggcatgaca

gtggccaagg

tgcaaggggt

gtctggcaca

ttcttcecta

cattgcgtga

aatcctggea

<210> SEQ I

<211> LENGT.
<212> TYPE:

agtttgactg

gccaccactyg

gcaagcccat

cctgettecyg

acaacaagat

gettcaagge

aagactgett

aaggggagga

agtgcaacaa

cgactactge

D NO 12

H: 194
PRT

ccactactge

ctgectgaaa

cggtgcggac

ctgtgcecaag

cctgtgcaac

cattgtggca

cacctgtagt

cttectactge

gggtttggta

ttccactgeca

<213> ORGANISM: homo sapiens

Phe

105

Val

Gly

Cys

Ile

Cys

185

Thr

Val

Thr

Val

Leu

265

Val

Gly

Thr

Lys

Trp

Thr

His

Thr

170

Phe

Ala

Ala

Val

Cys

250

Arg

Val

Leu

Thr

Ala

His

Gly

Glu

155

Ser

Val

Val

Lys

Ser

235

His

Gly

Leu

Val

Thr
315

agggatcect

tgctttgaca

tccaaggagyg

tgcctteace

aagtgcacca

ggagatcaaa

aactgcaagc

gtgacttgce

aaggctccag

aaaaatgctce

Ile Val Ala
110

Lys Asp Cys
125

Ser Phe Phe
140

Thr Lys Phe

Gly Gly Ile

Cys Val Thr

190

Glu Asp Gln
205

Lys Cys Ala
220

Arg Val Ser

Gly Lys Arg

Arg His Pro

270

Tyr Arg Lys
285

Lys Ala Pro
300

Ala Ser Thr

tgcaggggaa
agttctgtge
tgcactataa
ccttggecaa
ctcegggagga
acgtggagta
aagtcatcgg

atgagaccaa

tgtggtggce

cgtga

Gly Asp

Phe Thr

Pro Lys

Ala Lys
160

Thr Tyr
175

Cys Ser

Tyr Tyr

Gly Cys

Arg Pro

240

Leu Pro
255

Gly Gly

Asn Arg

Val Trp

Ala Lys
320

gaagtatgtg
caacacctgt
gaaccgcette
tgagaccttt
ctcecccaag
caaggggacc
gactggaagc
gtttgccaag

tatgaaggac

60

120

180

240

300

360

420

480

540

585
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40

<400> SEQUENCE: 12

Met Ala Glu
1

Lys Lys Tyr

Asp Lys Phe
35

Ala Asp Ser

Cys Phe Arg
65

Asp Ser Pro
Gln Asn Val
115

Cys Ser Asn
130

Gly Glu Asp
145

His Cys Val

Pro Met Lys

Ala Pro

<210> SEQ I
<211> LENGT.
<212> TYPE:

Lys Phe Asp Cys His

Val Gln Lys Asp Gly

20

Cys Ala Asn Thr Cys

40

Lys Glu Val His Tyr

Cys Ala Lys Cys Leu

70

Asp Asn Lys Ile Leu

85

Lys Cys Lys Gly Cys

100

Glu Tyr Lys Gly Thr

120

Cys Lys Gln Val Ile

135

Phe Tyr Cys Val Thr
150

Lys Cys Asn Lys Gly

165

Asp Asn Pro Gly Thr

180

D NO 13
H: 1997
DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 13

agtccgeage

cgccgagaca

atatccagec

ctacaaggtyg

dgggaagaag

tgccaagcat

tcagcectygyg

gegtttcace

caagaagtgt

ggcctatgaa

tctggecaac

aaagctgtaa

tgtccttact

gttetectte

catattagca

ttaaaaatga

cgecegeeged

getgegeggy

tttgccgaat

ggcaccatgg

tatgtgcaaa

tgcgtgaagt

catgcegatt

getgtggagg

getggatgcea

ggacaatcct

aagcgetttyg

actgacaggg

ttctgeecta

cgtettttet

tttagcaaaa

aaacttaggt

accgcegage

cgagcatcee

acatcctatce

cggagaagtt

aggatggcca

gcaacaaggc

getttgtgty

accagtatta

agaaccccat

ggcacgacta

ttttccacca

getectgtee

taccatcaat

cccattttac

agcaaccctyg

agattgactc

Tyr

His

25

Val

Lys

His

Cys

Phe

105

Val

Gly

Cys

Leu

Thr
185

Cys

10

His

Glu

Asn

Pro

Asn

90

Lys

Trp

Thr

His

Val

170

Thr

Arg

Cys

Cys

Arg

Leu

75

Lys

Ala

His

Gly

Glu

155

Lys

Ala

cteggecteg

cacgcagcac

tgccacacat

tgactgccac

ccactgetge

catcacatct

tgttacctge

ctgegtggat

cactgggttt

ctgettecac

ggagcaagtg

tgtaaaatgg

aggggaagag

agtattactc

cagcaaagtyg

ttetgeatgt

Asp Pro Leu
Cys Leu Lys
30

Arg Lys Pro
45

Phe Trp His
60

Ala Asn Glu

Cys Thr Thr

Ile Val Ala
110

Lys Asp Cys
125

Ser Phe Phe
140

Thr Lys Phe

Ala Pro Val

Ser Thr Ala
190

gtgcaggcag
cttggaagtt
ccagcgtgag
tactgcaggyg

ctgaaatget

ggaggaatca

tctaagaage
tgctacaaga
ggtaaaggct
tgcaaaaaat
tattgtcceg
catttgaatc
tggtccttee
aaataagggce
aatttectgte

ttctcataga

Gln Gly
15

Cys Phe

Ile Gly

Asp Thr

Thr Phe
80

Arg Glu
95

Gly Asp

Phe Thr

Pro Lys

Ala Lys
160

Trp Trp
175

Lys Asn

cggetgecge
gttttcaacc
gtcectecag
atcccttgea
ttgacaagtt
cttaccagga
tggctgggea
actttgtgge
ccagtgtggt
geteegtgaa
actgtgccaa
tegttettty
cttctttaaa
acacagtgat
cggctgcaat

gcagaaaagt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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-continued
gctaatcatt tagccactta gtgatgtaag caagaagcat aggagataaa acccccactg 1020
agatgcctct catgecctcag ctgggaccca ccgtgtagac acacgacatg caagagttgce 1080
agcggcetget ccaactcact gcectcacccte ttetgtgage aggaaaagaa ccctactgac 1140
atgcatggtt taacttcctc atcagaactc tgcceccttect tetgttcecttt tgtgetttca 1200
aataactaac acgaacttcc agaaaattaa catttgaact tagctgtaat tctaaactga 1260
ccttteecceg tactaacgtt tggttteccce gtgtggcatg ttttectgage gttectactt 1320
taaagcatgg aacatgcagg tgatttggga agtgtagaaa gacctgagaa aacgagcctg 1380
tttcagagga acatcgtcac aacgaatact tctggaagct taacaaaact aaccctgcetg 1440
tcetttttat tgtttttaat taatattttt gttttaattg atagcaaaat agtttatggg 1500
tttggaaact tgcatgaaaa tattttagcc ccctcagatg ttcctgcagt getgaaattce 1560
atcctacaga agtaaccgca aaactctaga gggggagttyg agcaggcgece agggetgtca 1620
tcaacatgga tatgacattt cacaacagtg actagttgaa tcccttgtaa cgtagtagtt 1680
gtctgctett tgtccatgtg ttaatgagga ctgcaaagtc ccttcetgttg tgattcctag 1740
gacttttect caagaggaaa tctggatttc cacctaccge ttacctgaaa tgcaggatca 1800
cctacttact gtattctaca ttattatatg acatagtata atgagacaat atcaaaagta 1860
aacatgtaat gacaatacat actaacattc ttgtaggagt ggttagagaa gctgatgcct 1920
catttctaca ttctgtcatt agctattatc atctaacgtt tcagtgtatc cttacagaaa 1980
taaagcagca tatgaat 1997

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 14
H: 157
PRT

ISM: homo sapiens

<400> SEQUENCE: 14

Met Ala Glu
1

Lys Lys Tyr
Asp Lys Phe
35

Gly Gly Ile
50

Cys Val Thr
65

Glu Asp Gln

Lys Cys Ala

Ser Val Val

115

Cys Lys Lys
130

Gln Glu Gln
145

<210> SEQ I
<211> LENGT.
<212> TYPE:

Lys Phe Asp Cys His

Val Gln Lys Asp Gly

Ala Lys His Cys Val

40

Thr Tyr Gln Asp Gln

55

Cys Ser Lys Lys Leu

70

Tyr Tyr Cys Val Asp

85

Gly Cys Lys Asn Pro

100

Ala Tyr Glu Gly Gln

120

Cys Ser Val Asn Leu

135

Val Tyr Cys Pro Asp
150

D NO 15
H: 1997
DNA

Tyr

His

Lys

Pro

Ala

Cys

Ile

105

Ser

Ala

Cys

Cys

10

His

Cys

Trp

Gly

Tyr

90

Thr

Trp

Asn

Ala

Arg

Cys

Asn

His

Gln

75

Lys

Gly

His

Lys

Lys
155

Asp Pro Leu
Cys Leu Lys
30

Lys Ala Ile
45

Ala Asp Cys
60

Arg Phe Thr

Asn Phe Val

Phe Gly Lys
110

Asp Tyr Cys
125

Arg Phe Val
140

Lys Leu

Gln Gly

15

Cys Phe

Thr Ser

Phe Val

Ala Val

Ala Lys

95

Gly Ser

Phe His

Phe His
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<213> ORGANISM: homo sapiens

<400> SEQUENCE: 15

agtcegcage cgccgecgece accgcecgege cteggecteg gtgcaggcag cggcetgecge 60
cgecgagaca gctgegeggg cgagcatccece cacgcagcac cttggaagtt gttttcaace 120
atatccagcece tttgecgaat acatcctatce tgecacacat ccagegtgag gtcectcecag 180
ctacaaggtyg ggcaccatgg cggagaagtt tgactgccac tactgcaggyg atcccttgca 240
ggggaagaag tatgtgcaaa aggatggcca ccactgetge ctgaaatgcet ttgacaagtt 300
tgccaagcat tgcgtgaagt gcaacaaggce catcacatct ggaggaatca cttaccagga 360
tcagecectgg catgecgatt getttgtgtg tgttacctge tcetaagaage tggetgggca 420
gegtttcace getgtggagg accagtatta ctgcgtggat tgctacaaga actttgtgge 480
caagaagtgt gctggatgca agaaccccat cactgggttt ggtaaagget ccagtgtggt 540
ggectatgaa ggacaatcct ggcacgacta ctgcttecac tgcaaaaaat gctccgtgaa 600
tctggecaac aagcegetttg ttttcecacca ggagcaagtyg tattgtcceyg actgtgccaa 660
aaagctgtaa actgacaggg gctcctgtece tgtaaaatgg catttgaatce tcegttetttg 720
tgtccttact ttctgeccta taccatcaat aggggaagag tggtcecttece cttctttaaa 780
gttetectte cgtettttet cccattttac agtattactce aaataagggc acacagtgat 840
catattagca tttagcaaaa agcaaccctg cagcaaagtyg aatttctgte cggctgcaat 900
ttaaaaatga aaacttaggt agattgactc ttctgcatgt ttctcataga gcagaaaagt 960
gctaatcatt tagccactta gtgatgtaag caagaagcat aggagataaa acccccactg 1020
agatgcctct catgecctcag ctgggaccca ccgtgtagac acacgacatg caagagttgce 1080
agcggcetget ccaactcact gcectcacccte ttetgtgage aggaaaagaa ccctactgac 1140
atgcatggtt taacttcctc atcagaactc tgcceccttect tetgttcecttt tgtgetttca 1200
aataactaac acgaacttcc agaaaattaa catttgaact tagctgtaat tctaaactga 1260
ccttteecceg tactaacgtt tggttteccce gtgtggcatg ttttectgage gttectactt 1320
taaagcatgg aacatgcagg tgatttggga agtgtagaaa gacctgagaa aacgagcctg 1380
tttcagagga acatcgtcac aacgaatact tctggaagct taacaaaact aaccctgcetg 1440
tcetttttat tgtttttaat taatattttt gttttaattg atagcaaaat agtttatggg 1500
tttggaaact tgcatgaaaa tattttagcc ccctcagatg ttcctgcagt getgaaattce 1560
atcctacaga agtaaccgca aaactctaga gggggagttyg agcaggcgece agggetgtca 1620
tcaacatgga tatgacattt cacaacagtg actagttgaa tcccttgtaa cgtagtagtt 1680
gtctgctett tgtccatgtg ttaatgagga ctgcaaagtc ccttcetgttg tgattcctag 1740
gacttttect caagaggaaa tctggatttc cacctaccge ttacctgaaa tgcaggatca 1800
cctacttact gtattctaca ttattatatg acatagtata atgagacaat atcaaaagta 1860
aacatgtaat gacaatacat actaacattc ttgtaggagt ggttagagaa gctgatgcct 1920
catttctaca ttctgtcatt agctattatc atctaacgtt tcagtgtatc cttacagaaa 1980
taaagcagca tatgaat 1997

<210> SEQ ID NO 16
<211> LENGTH: 157

<212> TYPE:

PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 16
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46

Met Ala Glu

Lys Lys Tyr

Asp Lys Phe

35

Gly Gly Ile
50

Cys Val Thr
65

Glu Asp Gln

Lys Cys Ala

Ser Val Val
115

Cys Lys Lys
130

Gln Glu Gln
145

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

Lys Phe Asp Cys His

Val Gln Lys Asp Gly

20

Ala Lys His Cys Val

40

Thr Tyr Gln Asp Gln

55

Cys Ser Lys Lys Leu

70

Tyr Tyr Cys Val Asp

85

Gly Cys Lys Asn Pro

100

Ala Tyr Glu Gly Gln

120

Cys Ser Val Asn Leu

135

Val Tyr Cys Pro Asp
150

D NO 17
H: 2356
DNA

ISM: mus musculus

<400> SEQUENCE: 17

agtcctgtge

tgcecgectag

ggaacacatc

gactgtcact

cactgetgec

cccataageg

ttcegetgty

aagatcctgt

aaggccattg

tgcttcacct

gaggacttet

aacaaggcca

tttgtgtgty

cagtattact

aaccccatca

cacgactact

tttcataatg

tcctgtectyg

tgtaccatcc

tctecccattt

tgcecgetgte

acagctgege

ctgtgtgagg

actgcaggga

tgaagtgett

ctgatgccaa

ccaagtgect

gcaacaagtyg

tggcaggaga

gcagcaactyg

actgtgtgac

tcacatctgg

ttacctgete

gegtggattg

Ctgggtttgg

gettecacty

agcaggtgta

taaaatggca

atagggcaag

tacagtatta

geegetgege

gggcaactgg

tcecctecage

ccecttgeag

tgacaagttc

ggaggtgcat

tcaccecttyg

cgctactegy

ccagaacgtyg

caagcaagtc

ttgccatgag

aggaatcact

taagaagctg

ctacaagaac

taaaggctce

caaaaaatgc

ttgccctgac

ttggaaccat

agtgggettt

atcaacgaag

Tyr

His

25

Lys

Pro

Ala

Cys

Ile

105

Ser

Ala

Cys

Cys

10

His

Cys

Trp

Gly

Tyr

90

Thr

Trp

Asn

Ala

Arg

Cys

Asn

His

Gln

75

Lys

Gly

His

Lys

Lys
155

tttggtcteg

tagctgttet

tataaggtgg

gggaagaagt

tgcgccaaca

tataagaatc

gccagtgaga

gaggactcce

gagtacaagg

attgggaccyg

accaagtteg

taccaggatc

gctgggcagc

tttgtggcca

agtgtggtgg

tcegtgaate

tgtgccaaaa

tetttgtgte

cacctcttta

gacacacagt

Asp Pro Leu
Cys Leu Lys
30

Lys Ala Ile
45

Ala Asp Cys
60

Arg Phe Thr

Asn Phe Val

Phe Gly Lys

110

Asp Tyr Cys
125

Arg Phe Val
140

Lys Leu

gagctggeag
tagctgtgee
gcaccatgte
acgtgcagaa
cctgegtgga
gctactggca
cetttgtgte
ccaggtgcaa
gcaccgtetyg
gaagcttett
ccaaacattyg
agccctggea
gtttcaccge
agaagtgtgce
cctatgaagyg
tggccaacaa
agctgtaact
ctttgetece
aagttgctet

gatcatatta

Gln Gly
15

Cys Phe

Thr Ser

Phe Val

Ala Val

Ala Lys
95

Gly Ser

Phe His

Phe His

cggecgeegyg
cagtcettet
ggagaagtte
ggatggcegt
ctgccgcaag
cgacaactge
caaggatgge
agggtgctte
gcataaagac
cccgaaaggyg
cgtgaagtge
tgccgagtge
tgtggaggac
tggatgcaag
acaatcctygyg
gegetttgta
tgacagggge
tceccteccte
ttcegtettt

agatttagca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200
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aagagcaacc ttgcagcaaa aataatttct ctgttgctgce actggaaaaa caaaacctta 1260
gactgactct tcectgcatgtt tctcatagag cagaaaagtg ctaaccatgt agccacttca 1320
cgatgtaaac gagaagcata ggcgataaag ctcccactga gacacctttg gggctcagtce 1380
tggatgcgct gtgcggtcac gtgactgcgg tgtaagagtt gcagcggctg ctcecaactcece 1440
cttctegect tetcetgggca gttaagaact tgccagaatg catggtttaa cttecttatce 1500
aaaactctga ccttecttet gttettttgt gctttcacac gactaacaca gatttccaga 1560
gaattaacat tttgaacttt gttgtaattc tcaagtgact tttcccccat actaacattt 1620
gactccctta cgtggegtgt tctetgageg ttcectacttt aaagcatgga acacacaggt 1680
gatttgaagc atctaagcag atctgagaaa acgagcctgt ttcagaacaa actcaccaca 1740
gtgactactt cggaagctta acaagactaa ctctcctgte ctttttaatt ttttttttta 1800
aattttgttt taatgagtag taaaatagtt tatgggtttg gaaacttgca tgacaatatt 1860
tgagcctect caaacgttece tgcagttttg agattcatcce tgtagacatg acaaaaactc 1920
tagagccgca gctgagcagg cacagggctg tcatcaaagt agggacaagg tgaagtcctt 1980
gtaacataac cgttgtctgce tctttgtetg catccaggaa gagtgcaaag tcecctttget 2040
tgtgattctt agaactttcc ctccagaatt gcagttagac tctggggctg teggaggtgg 2100
tcgtcatect tcacaggcag gactgggttt tcacccectt ctctgaaacg caggattgcece 2160
tcettaactg tactctcecat tttattacat atataacgag ccaatatcaa agtaaagatg 2220
taatgaaaac acacactcat atattactgt aggagtggtt atagatgcca acacctcatt 2280
tccatatttg tcattagetg tttccatcta ctgtttgatt gtatccttac aaaaataaag 2340
cagcatagaa agagca 2356

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 18
H: 280
PRT

ISM: mus musculus

<400> SEQUENCE: 18

Met Ser Glu
1

Lys Lys Tyr

Asp Lys Phe
35

Ala Asp Ala

Cys Phe Arg
65

Asp Ser Pro
Gln Asn Val
115

Cys Ser Asn
130

Gly Glu Asp
145

His Cys Val

Lys Phe Asp Cys His

Val Gln Lys Asp Gly

20

Cys Ala Asn Thr Cys

40

Lys Glu Val His Tyr

Cys Ala Lys Cys Leu

70

Asp Gly Lys Ile Leu

85

Arg Cys Lys Gly Cys

100

Glu Tyr Lys Gly Thr

120

Cys Lys Gln Val Ile

135

Phe Tyr Cys Val Thr
150

Lys Cys Asn Lys Ala

Tyr

Arg

25

Val

Lys

His

Cys

Phe

105

Val

Gly

Cys

Ile

Cys

10

His

Asp

Asn

Pro

Asn

90

Lys

Trp

Thr

His

Thr

Arg

Cys

Cys

Arg

Leu

75

Lys

Ala

His

Gly

Glu
155

Ser

Asp Pro Leu

Cys Leu Lys
30

Arg Lys Pro
45

Tyr Trp His
60

Ala Ser Glu

Cys Ala Thr

Ile Val Ala
110

Lys Asp Cys
125

Ser Phe Phe
140

Thr Lys Phe

Gly Gly Ile

Gln Gly
15

Cys Phe

Ile Ser

Asp Asn

Thr Phe

80

Arg Glu
95

Gly Asp

Phe Thr

Pro Lys

Ala Lys

160

Thr Tyr
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165 170 175

Gln Asp Gln Pro Trp His Ala Glu Cys Phe Val Cys Val Thr Cys Ser
180 185 190
Lys Lys Leu Ala Gly Gln Arg Phe Thr Ala Val Glu Asp Gln Tyr Tyr
195 200 205
Cys Val Asp Cys Tyr Lys Asn Phe Val Ala Lys Lys Cys Ala Gly Cys
210 215 220

Lys Asn Pro Ile Thr Gly Phe Gly Lys Gly Ser Ser Val Val Ala Tyr
225 230 235 240
Glu Gly Gln Ser Trp His Asp Tyr Cys Phe His Cys Lys Lys Cys Ser

245 250 255
Val Asn Leu Ala Asn Lys Arg Phe Val Phe His Asn Glu Gln Val Tyr

260 265 270
Cys Pro Asp Cys Ala Lys Lys Leu
275 280

<210> SEQ ID NO 19
<211> LENGTH: 2605
<212> TYPE: DNA
<213> ORGANISM: mus musculus
<400> SEQUENCE: 19
gggggagceeyg cagetegtge tcecegtggeceg ctactecggg getgegegga ccetgetggge 60
ttgggtacct gceggecteceg gectceegetyg cetegeccac gttggggget gaggaacctyg 120
gggctccaag gtececttagg gcaactggta getgttetta getgtgecca gtecttetgg 180
aacacatcct gtgtgaggtc cctccageta taaggtggge accatgtegyg agaagttcga 240
ctgtcactac tgcagggacc ccttgcaggg gaagaagtac gtgcagaagyg atggcecgtca 300
ctgctgectyg aagtgetttyg acaagttetg cgecaacace tgegtggact gccgcaagece 360
cataagcgct gatgccaagg aggtgcatta taagaatcge tactggcacyg acaactgcett 420
cegetgtgee aagtgectte acccecttgge cagtgagace tttgtgtceca aggatggcaa 480
gatcctgtge aacaagtgceg ctactcggga ggactcccce aggtgcaaag ggtgcttcaa 540
ggccattgtyg gcaggagacce agaacgtgga gtacaagggce accgtctgge ataaagactg 600
cttcacctge agcaactgca agcaagtcat tgggaccgga agcettcttece cgaaagggga 660
ggacttctac tgtgtgactt gccatgagac caagttcgec aaacattgcg tgaagtgcaa 720
caaggccatce acatctggag gaatcactta ccaggatcag ccctggcatyg ccgagtgett 780
tgtgtgtgtt acctgctcta agaagctgge tgggcagegt ttcaccgetyg tggaggacca 840
gtattactge gtggattgct acaagaactt tgtggccaag aagtgtgctg gatgcaagaa 900
ccecatcact gggaaaagga ctgtgtcaag agtgagccac ccagtctcta aagctaggaa 960
gtcececcagtyg tgccacggga aacgcttgece tcectcaccctg tttecccageg ccaacctecy 1020
gggcaggcat ccgggtggag agaggacttg tccctegtgg gtggtggttce tttatagaaa 1080
aaatcgaagc ttagcagctce ctcgaggcce gggtttggta aaggctccag tgtggtggcece 1140
tatgaaggac aatcctggca cgactactgc ttccactgca aaaaatgctce cgtgaatctg 1200
gccaacaagc gctttgtatt tcataatgag caggtgtatt gccctgactg tgccaaaaag 1260
ctgtaacttg acaggggctc ctgtcctgta aaatggcatt ggaaccattce tttgtgtect 1320
ttgctcecte cctceectetyg taccatccat agggcaagag tgggctttca cctctttaaa 1380
gttgctcttt ccgtetttte tcccatttta cagtattaat caacgaagga cacacagtga 1440
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tcatattaag atttagcaaa gagcaacctt gcagcaaaaa taatttctct gttgctgcac 1500
tggaaaaaca aaaccttaga ctgactcttce tgcatgtttc tcatagagca gaaaagtgct 1560
aaccatgtag ccacttcacg atgtaaacga gaagcatagg cgataaagct cccactgaga 1620
cacctttggg gctcagtetyg gatgcecgetgt gcggtcacgt gactgeggtg taagagttgce 1680
agcggcetget ccaactcect tetecgectte tcectgggcagt taagaacttg ccagaatgca 1740
tggtttaact tccttatcaa aactctgacc tteccttetgt tettttgtge tttcacacga 1800
ctaacacaga tttccagaga attaacattt tgaactttgt tgtaattctc aagtgacttt 1860
tcecceccatac taacatttga ctecccttacg tggegtgtte tctgagegtt cctactttaa 1920
agcatggaac acacaggtga tttgaagcat ctaagcagat ctgagaaaac gagcctgttt 1980
cagaacaaac tcaccacagt gactacttcg gaagcttaac aagactaact ctecctgtect 2040
ttttaatttt ttttttaaat tttgttttaa tgagtagtaa aatagtttat gggtttggaa 2100
acttgcatga caatatttga gcctcctcaa acgttcecctge agttttgaga ttcatccectgt 2160
agacatgaca aaaactctag agccgcagcet gagcaggcac agggctgtca tcaaagtagg 2220
gacaaggtga agtccttgta acataaccgt tgtctgctet ttgtctgecat ccaggaagag 2280
tgcaaagtcce ctttgcttgt gattcttaga actttcectce cagaattgca gttagactct 2340
ggggctgteg gaggtggtcg tcatccttca caggcaggac tgggttttca cccecttete 2400
tgaaacgcag gattgcctcecce ttaactgtac tctceccatttt attacatata taacgagcca 2460
atatcaaagt aaagatgtaa tgaaaacaca cactcatata ttactgtagg agtggttata 2520
gatgccaaca cctcatttce atatttgtca ttagctgttt ccatctactg tttgattgta 2580
tcecttacaaa aataaagcag catag 2605

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 20
H: 323
PRT

ISM: mus musculus

<400> SEQUENCE: 20

Met Ser Glu
1

Lys Lys Tyr

Asp Lys Phe
35

Ala Asp Ala

Cys Phe Arg
65

Asp Ser Pro
Gln Asn Val
115

Cys Ser Asn
130

Gly Glu Asp
145

His Cys Val

Lys Phe Asp Cys His

Val Gln Lys Asp Gly

20

Cys Ala Asn Thr Cys

40

Lys Glu Val His Tyr

Cys Ala Lys Cys Leu

70

Asp Gly Lys Ile Leu

85

Arg Cys Lys Gly Cys

100

Glu Tyr Lys Gly Thr

120

Cys Lys Gln Val Ile

135

Phe Tyr Cys Val Thr
150

Lys Cys Asn Lys Ala

Tyr

Arg

25

Val

Lys

His

Cys

Phe

105

Val

Gly

Cys

Ile

Cys

10

His

Asp

Asn

Pro

Asn

90

Lys

Trp

Thr

His

Thr

Arg

Cys

Cys

Arg

Leu

75

Lys

Ala

His

Gly

Glu
155

Ser

Asp Pro Leu

Cys Leu Lys
30

Arg Lys Pro
45

Tyr Trp His
60

Ala Ser Glu

Cys Ala Thr

Ile Val Ala
110

Lys Asp Cys
125

Ser Phe Phe
140

Thr Lys Phe

Gly Gly Ile

Gln Gly
15

Cys Phe

Ile Ser

Asp Asn

Thr Phe

80

Arg Glu
95

Gly Asp

Phe Thr

Pro Lys

Ala Lys

160

Thr Tyr
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165

Gln Asp Gln Pro Trp His Ala Glu
180

Lys Lys Leu Ala Gly Gln Arg Phe
195 200

Cys Val Asp Cys Tyr Lys Asn Phe
210 215

Lys Asn Pro Ile Thr Gly Lys Arg
225 230

Val Ser Lys Ala Arg Lys Ser Pro
245

Leu Thr Leu Phe Pro Ser Ala Asn
260

Glu Arg Thr Cys Pro Ser Trp Val
275 280

Ser Leu Ala Ala Pro Arg Gly Pro
290 295

Trp Pro Met Lys Asp Asn Pro Gly
305 310

Asn Ala Pro

<210> SEQ ID NO 21

<211> LENGTH: 64

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 21

Val Ala Lys Lys Cys Ala Gly Cys
1 5

Lys Gly Ser Ser Val Val Ala Tyr
20

Cys Phe His Cys Lys Lys Cys Ser
35 40

Val Phe His Gln Glu Gln Val Tyr

<210> SEQ ID NO 22

<211> LENGTH: 64

<212> TYPE: PRT

<213> ORGANISM: macca mulatta

<400> SEQUENCE: 22

Val Ala Lys Lys Cys Ala Gly Cys
1 5

Lys Gly Ser Ser Val Val Ala Tyr
20

Cys Phe His Cys Lys Lys Cys Ser
35 40

Val Phe His Gln Glu Gln Val Tyr
50 55

<210> SEQ ID NO 23

<211> LENGTH: 64

<212> TYPE: PRT

<213> ORGANISM: mus musculus

<400> SEQUENCE: 23

Cys

185

Thr

Val

Thr

Val

Leu

265

Val

Gly

Thr

Lys
Glu
25

Val

Cys

Lys
Glu
25

Val

Cys

170

Phe

Ala

Ala

Val

Cys

250

Arg

Val

Leu

Thr

Asn
10
Gly

Asn

Pro

Asn
10
Gly

Asn

Pro

Val

Val

Lys

Ser

235

His

Gly

Leu

Val

Thr
315

Pro

Gln

Leu

Asp

Pro

Gln

Leu

Asp

Cys

Glu

Lys

220

Arg

Gly

Arg

Tyr

Lys

300

Ala

Ile

Ser

Ala

Cys
60

Ile

Ser

Ala

Cys
60

Val

Asp

205

Cys

Val

Lys

His

Arg

285

Ala

Ser

Thr

Trp

Asn

45

Ala

Thr

Trp

Asn

45

Ala

Thr

190

Gln

Ala

Ser

Arg

Pro

270

Lys

Pro

Thr

Gly
His
30

Lys

Lys

Gly
His
30

Lys

Lys

175

Cys

Tyr

Gly

His

Leu

255

Gly

Asn

Val

Ala

Phe
15
Asp

Arg

Lys

Phe
15
Asp

Arg

Lys

Ser

Tyr

Cys

Pro

240

Pro

Gly

Arg

Trp

Lys
320

Gly

Tyr

Phe

Leu

Gly

Tyr

Phe

Leu
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Val Ala Lys Lys Cys Ala Gly Cys Lys
1 5

Lys Gly Ser Ser Val Val Ala Tyr Glu
20 25

Cys Phe His Cys Lys Lys Cys Ser Val
35 40

Val Phe His Asn Glu Gln Val Tyr Cys
50 55

<210> SEQ ID NO 24

<211> LENGTH: 64

<212> TYPE: PRT

<213> ORGANISM: didelphimoorphia

<400> SEQUENCE: 24

Val Ala Lys Lys Cys Ala Gly Cys Lys
1 5

Lys Gly Ser Ser Val Val Asn Tyr Glu
20 25

Cys Phe His Cys Lys Lys Cys Ser Met
35 40

Val Cys His Asn Glu Gln Ile Tyr Cys
50 55

<210> SEQ ID NO 25

<211> LENGTH: 64

<212> TYPE: PRT

<213> ORGANISM: gallus gallus

<400> SEQUENCE: 25

Val Ala Lys Lys Cys Ala Gly Cys Lys
1 5

Arg Gly Thr Ser Val Val Asn Tyr Glu
20 25

Cys Phe Lys Cys Thr Lys Cys Ala Arg
35 40

Val Cys His Asn Gly Lys Ile Tyr Cys
50 55

<210> SEQ ID NO 26
<211> LENGTH: 64

<212> TYPE: PRT

<213> ORGANISM: Xenopus

<400> SEQUENCE: 26

Val Ala Lys Lys Cys Ala Gly Cys Asn
1 5

Lys Gly Ser Asn Val Val Asn Tyr Glu
20 25

Cys Phe Thr Cys Lys Lys Cys Ser Leu
35 40

Val Arg His Asn Glu Gln Val Tyr Cys
50 55

<210> SEQ ID NO 27

<211> LENGTH: 64

<212> TYPE: PRT

<213> ORGANISM: danio rerio

<400> SEQUENCE: 27

Asn
10
Gly

Asn

Pro

Asn
10
Gly

Asn

Pro

Asn
10
Asp

Gly

Ala

Asn
10
Gly

Asn

Gln

Pro

Gln

Leu

Asp

Pro

Gln

Leu

Asp

Pro

Glu

Leu

Glu

Pro

Asn

Leu

Asp

Ile

Ser

Ala

Cys
60

Ile

Ser

Ala

Cys
60

Ile

Ser

Ala

Cys
60

Ile

Ser

Ala

Cys
60

Thr

Trp

Asn

45

Ala

Thr

Trp

Asn

45

Ala

Thr

Trp

Asn

45

Pro

Thr

Trp

Asn

45

Ala

Gly Phe
15

His Asp
30

Lys Arg

Lys Lys

Gly Phe
15

His Asp

Lys Arg

Lys Lys

Gly Phe
15

His Asp
30

Lys Arg

Lys Arg

Gly Phe
15

His Glu
30

Lys Arg

Lys Lys

Gly

Tyr

Phe

Leu

Gly

Tyr

Phe

Leu

Gly

Tyr

Phe

Leu

Gly

Tyr

Phe

Met



57

US 9,150,923 B2

-continued

58

Val Ala Lys Lys Cys Ser Gly
1 5

Arg Gly Thr Asn Val Val Asn
20

Cys Phe Asn Cys Lys Lys Cys
35

Val Ile Asn Gly Glu Asp Ile
50 55

<210> SEQ ID NO 28

<211> LENGTH: 63

<212> TYPE: PRT

<213> ORGANISM: tetraodon

<400> SEQUENCE: 28

Val Ala Lys Lys Cys Ala Gly
1 5

Lys Gly Ser Ser Val Val Ala
20

Cys Phe His Cys Lys Lys Cys
35

Val Phe His Gln Glu Gln Val
50 55

<210> SEQ ID NO 29

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 29
tccaacattyg gaaatcacat ttcaa
<210> SEQ ID NO 30

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 30
tcatcacaaa tagatgttte acag
<210> SEQ ID NO 31

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 31
gaggctataa ttctttaact ttgge
<210> SEQ ID NO 32

<211> LENGTH: 25

<212> TYPE: DNA
<213> ORGANISM: homo sapiens

<400> SEQUENCE: 32
ctctttecct ctttattcat gttac
<210> SEQ ID NO 33

<211> LENGTH: 21

<212> TYPE: DNA
<213> ORGANISM: homo sapiens

Cys

Tyr

Ser

40

Tyr

Cys

Tyr

Ser

40

Tyr

Gln
Glu
25

Leu

Cys

Lys
Glu
25

Val

Cys

Asn
10
Asp

Ser

Ser

Asn
10
Gly

Asn

Pro

Pro Ile

Lys Ser

Met Ala

Asp Cys
60

Pro Ile

Gln Ser

Leu Ala

Asp Cys
60

Thr

Trp

His

45

Ala

Thr

Trp

Asn

45

Gly

Gly
His
30

Lys

Lys

Gly

His

Lys

Ser

Phe
15
Glu

Arg

Lys

Phe
15
Asp

Arg

Asn

Gly

Tyr

Phe

Leu

Gly

Tyr

Phe

25

24

25

25
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<400> SEQUENCE: 33
getggettta ttttaagagg a
<210> SEQ ID NO 34

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 34
ggttttcagt ttcctgggta

<210> SEQ ID NO 35

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 35
cgtttaccag ctcaaaatct caac
<210> SEQ ID NO 36

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 36
catatgatac gattecgtgtt ttge
<210> SEQ ID NO 37

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 37
aaggttccte cagtaacaga tttgg
<210> SEQ ID NO 38

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 38
tatgctacat agtatgtcct cagac
<210> SEQ ID NO 39

<211> LENGTH: 280

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 39

Met Ala Glu Lys Phe Asp Cys His Tyr Cys Arg Asp Pro Leu Gln Gly
1 5 10 15

Lys Lys Tyr Val Gln Lys Asp Gly His His Cys Cys Leu Lys Cys Phe
20 25 30

Asp Lys Phe Cys Ala Asn Thr Cys Val Glu Cys Arg Lys Pro Ile Gly
35 40 45

Ala Asp Ser Lys Glu Val His Tyr Lys Asn Arg Phe Trp His Asp Thr
50 55 60

Cys Phe Arg Cys Ala Lys Cys Leu His Pro Leu Ala Asn Glu Thr Phe
65 70 75 80

Val Ala Lys Asp Asn Lys Ile Leu Cys Asn Lys Cys Thr Thr Arg Glu
85 90 95

21

20

24

24

25

25
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Phe
105

Asp Ser Pro Lys Ala Ile Val

100

Cys Lys Gly Cys Lys

Gln Val

115

Glu Thr

120

Asn Tyr Lys Gly Val Trp His Lys Asp

125
Gln Val
135

Ile Thr Ser Phe

140

Ser Asn

130

Cys Cys Lys Gly Gly

Glu Phe Val Thr Glu

155

Gly His Thr

145

Asp Tyr Cys

150

Cys Lys

Val Ala Ile Thr

170

Cys Lys Cys Asn Ser

165

Lys Gly Gly

Gln Gln Pro His Ala Phe Val Val

180

Asp Trp Agsp Cys

185

Cys

Ala Gln Phe

200

Leu Thr Ala Val Glu

195

Lys Lys Gly Arg Asp

205

Val
210

Asn Phe Val Ala

215

Cys Asp Cys Tyr Lys Lys Lys

220

Cys

Ile Thr Phe Ser Ser Val

235

Lys Asn Pro

225

Gly
230

Gly Lys Gly

Glu Gln Phe

250

Gly Ser Trp His His

245

Asp Tyr Cys Cys Lys

Ala
260

Phe Val

265

Asn Leu Asn Lys Arg Phe His Gln Glu

Ala Leu

280

Cys Pro Asp

275

Cys Lys Lys

<210>
<211>
<212>
<213>

SEQ ID NO 40

LENGTH: 15

TYPE: DNA

ORGANISM: homo sapiens
<400>

SEQUENCE: 40

ctggatgcaa gaacc

<210>
<211>
<212>
<213>

SEQ ID NO 41

LENGTH: 15

TYPE: DNA

ORGANISM: homo sapiens
<400>

SEQUENCE: 41

ctggatggaa gaacc

Ala

110

Cys

Phe

Phe

Ile

Thr

190

Gln

Ala

Val

Lys

Gln
270

Gly Asp

Phe Thr

Pro Lys

Ala Lys

160

Thr
175

Tyr

Cys Ser

Tyr Tyr

Gly Cys

Ala Tyr

240

Cys Ser

255

Val Tyr

15

15

What is claimed is:

1. A method of identifying a mutation in a Four-and-a-Half
LIM domain-1 (FHL-1) protein or a mutation in a nucleic acid
encoding the FHL-1 protein comprising: assaying a biologi-
cal sample obtained from a subject to determine the presence
of the mutation in the FHL-1 protein or the mutation in the
nucleic acid encoding the FHL-1 protein, wherein the muta-
tion in the FHL-1 protein or the nucleic acid encoding the
FHL-1 protein results in disruption of one or more LIM
domains of the FHL-1 protein.

2. The method of claim 1, wherein the sample is assayed to
determine: the presence of a mutation in the nucleic acid
encoding a FHL-1 protein comprising amino acids 1-230 of
SEQ ID NO: 1, or a fragment thereof, wherein the mutated
protein  comprises the amino acid  sequence
VAKKCX, GX,X,NPIT (SEQ ID NO:4) wherein X, is any
amino acid except C; and X, and X; are independently any

50

60

65

amino acid, or the presence of the mutated FHL-1 protein
comprising amino acids 1-230 of SEQ ID NO: 1, or a frag-
ment thereof, wherein the mutated protein comprises the
amino acid sequence VAKKCX,GX,X;NPIT (SEQ ID
NO:4) wherein X, is any amino acid except C; and X, and X
are independently any amino acid.

3. The method as defined in claim 2, wherein X, is tryp-
tophan.

4. The method as defined in claim 2, wherein the FHL-1
protein is defined by SEQ ID NO:2 or SEQ ID NO:3.

5. The method of claim 1, wherein the subject is a human
subject.

6. The method of claim 1, wherein the biological sample is
a blood sample.

7. The method of claim 1, wherein assaying comprises
PCR, probe hybridization, immunohistochemistry, nucle-
otide sequencing or protein sequencing.
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8. The method of claim 1, wherein the sample is assayed to
determine: the presence of the mutation in a nucleic acid
encoding a FHL-1 protein, wherein the mutation comprises
an isoleucine insertion at position 128, or the presence of the
mutation in a FHL-1 protein comprising an isoleucine inser-
tion at position 128.

9. The method of claim 1, wherein the mutation in the
nucleic acid encoding FHI -1 consists of a missense mutation
or an insertion.

10. The method of claim 1, wherein the mutation disrupts
LIM domain 4 of FHL-1.

11. The method of claim 1, wherein the mutation disrupts
LIM domain 2 of FHL-1.

12. The method of claim 1, wherein the mutation in the
nucleic acid encoding FHL-1 affects isoform a, b and c.

13. The method of claim 1, wherein the mutation in the
nucleic acid encoding FHI -1 affects isoform a and b.

14. The method of claim 5, wherein the subject has clinical
symptoms associated with a muscular myopathy.

15. The method of claim 14, wherein the muscular myopa-
thy is a skeletal muscle myopathy or a cardiomyopathy.

16. The method of claim 14, wherein the muscular myopa-
thy is muscular dystrophy.

17. The method of claim 1, wherein the assaying comprises
amplifying all or a part of a nucleic acid sequence encoding
the FHL-1 protein.

18. The method of claim 2 wherein the assaying is con-
ducted using components from a kit, the components com-
prising:

i) a protein or fragment thereof that is associated with

muscular myopathy,

ii) an antibody that selectively binds to a protein or frag-
ment thereof associated with muscular myopathy as
defined herein, as compared to a wild-type protein not
associated with muscular myopathy,

iii) one or more nucleic acid primers to amplify a nucle-
otide sequence encoding a protein or fragment thereof
which comprises a mutation associated with an X-linked
muscular myopathy as provided herein,
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iv) one or more nucleic acid probes of between about 9 and
100 nucleotides that hybridizes nucleotide sequence
encoding a protein or fragment thereof which comprises
a mutation associated with an X-linked muscular
myopathy as provided herein,

v) one or more reagents including, but not limited to
buffer(s), dATP, dTTP, dCTP, dGTP, or DNA poly-
merase(s),

vi) instructions for assaying, diagnosing or determining the
risk of a subject to muscular myopathy, and/or

vii) instructions for using any component or for practicing
the method.

19. The method of claim 1 which is facilitated by the

provision of a kit comprising:

i) a protein or fragment thereof that is associated with
muscular myopathy as defined herein,

ii) an antibody that selectively binds to a protein or frag-
ment thereof associated with muscular myopathy as
defined herein, as compared to a wild-type protein not
associated with muscular myopathy,

iii) one or more nucleic acid primers to amplify a nucle-
otide sequence encoding a protein or fragment thereof
which comprises a mutation associated with an X-linked
muscular myopathy as provided herein,

iv) one or more nucleic acid probes of between about 9 and
100 nucleotides that hybridizes nucleotide sequence
encoding a protein or fragment thereof which comprises
a mutation associated with an X-linked muscular
myopathy as provided herein,

v) one or more reagents including, but not limited to
buffer(s), dATP, dTTP, dCTP, dGTP, or DNA poly-
merase(s),

vi) instructions for assaying, diagnosing or determining the
risk of a subject to muscular myopathy, and/or

vii) instructions for using any component or practicing any
method as described herein, or any combination thereof.

20. The method as defined in claim 2, wherein the FHL-1

protein is defined by SEQ ID NO:2.

#* #* #* #* #*



